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Abstract. A hepatocyte primary culture-mediated human cell hypoxanthine-guanine 
phosphoribosyl transferase mutagenesis assay was established. This assay provides an in 
vitro system that combines a realistic activation capability and an endpoint of clear biologi- 
cal significance in a target cell line relevant to human risk. The genotoxicity of 7,12- 
dimethylbenz[a]anthracene and benzo[a]pyrene were demonstrated in this assay. In the 
same assay, DDT, chlordane, and mirex were not genotoxic. An epigenetic mechanism for 
the carcinogenicity of these organochlorine pesticides is suggested. 

At least 10 commonly used organo- 
chlorine pesticides have been shown to be 
carcinogenic for rats and mice (1 -6). Many 
of these have, however, been negative in a 
variety of in vitro short-term assays (7, 8) 
including those tests involving bacteria (9, 
10). The reason for this discrepancy has 
frequently been assumed to be a lack of 
adequate metabolism in the in vitro test 
systems ( 1 1 ) .  Since certain of the organo- 
chlorine pesticides are carcinogenic primar- 
ily or exclusively for the liver of rodents, 
we have been systematically evaluating 
their activity in liver-derived intact cell 
systems developed in our laboratory (12- 
13). Thus far, the pesticides tested have 
been negative in the adult rat liver epithelial 
celVhypoxanthine -guanine phosphoribos yl 
transferase (ARL/HGPRT) mutation assay 
(14, 15) and in the hepatocyte primary cul- 
ture/DNA repair test using hepatocytes 
from rats (14, 15), mouse, and hamster 
(16, 17). As a further measure, we have 
adapted the approach of hepatocyte-me- 
diated mutagenesis (18) to examine whether 
these compounds are mutagenic to human 
cells in the presence of an active metabol- 
izing system from the target organ of the 
carcinogens. In these studies, we have 
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used members of the structurally similar 
polycyclic aromatic hydrocarbons (PAH) 
as positive controls because these com- 
pounds are highly lipophilic like the or- 
ganochlorine pesticides, but not strongly 
carcinogenic for liver. We report here that 
human skin fibroblasts, in the presence of 
the rat hepatocyte primary cultures as the 
metabolizing system, can be mutated by 
benzo[a]pyrene and 7, 12-dimethyl-benz- 
[alanthracene at the HGPRT locus, but 
not by DDT, chlordane, or mirex. 

Materials and Methods. The prepara- 
tion of rat hepatocyte primary cultures 
(HPC) from male Fischer rats has been de- 
scribed extensively (19, 20). Routinely, 
these primary cultures have a greater than 
90% viability as shown by trypan blue ex- 
clusion. The target cell line, Detroit 550 
(D-550), is a human foreskin fibroblast line 
obtained from the American Type Culture 
Collection and is maintained frozen in this 
laboratory at around its 22nd passage. The 
cells were usually revived at the initiation 
of any experiments and discarded after- 
ward. 

Benzo[a]pyrene and 7 ,  12-dimethyl- 
benz[a]anthracene were purchased from 
Sigma (St. Louis, Mo.); DDT was pur- 
chased from Aldrich Chemical Corporation 
(Metuchen, N.J.), and chlordane and mirex 
were kindly provided by Velsicol Chemical 
Corporation (Chicago, Ill.). 

In the HPC-mediated D-550 HGPRT 
mutation assay, 1 x lo6 D-550 were gener- 
ally coplated with 20 x lo6 freshly prepared 
HPC. The cocultures were allowed to at- 
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tach for 2 hr. They were then washed and 
fresh media containing the carcinogens or 
appropriate controls were added for a 24 hr 
exposure. The cultures were then washed 
and allowed a mutant expression period of 
10 days. During this period, the cultures 
were trypsinized and replated whenever 
they reached 50% confluency. Trypsiniza- 
tion and replating also removed any re- 
maining HPCs as  they do not survive re- 
pIating. In general, by Day 4 of the 10-day 
expression period, no viable HPCs were 
observed. 

6-Thioguanine (TG) was used for the 
selection of HGPRT mutants in the human 
foreskin fibroblast cell line D-550. TG, at a 
concentration of 20 puglml of culture 
medium, was used and a minimum of 1 x 
lo6 D-550 were selected at a seeding density 
of 1 x 103 cells/cm2. A 3-week selection pe- 
riod with five changes of the TG-containing 
medium was allowed. 6-Thioguanine- 
resistant (TG') colonies that developed 
were fixed and stained for counting. A par- 
allel plating of the D-550 at a lower seeding 
density and in the regular growth medium, 
Williams' Medium E,  provided the colo- 
ny-forming efficiency of the cell culture for 
computation of mutant incidence. These 
procedures were described in detail in a 
previous publication (21) for the adult rat 
liver epithelial cell/HGPRT mutation assay. 

Results. The human foreskin fibroblast, 
D-550, is highly sensitive to the toxic ef- 
fects of 6-thioguanine with an incidence of 
spontaneous TG-resistant mutants of less 
than 1 per lo6 colony-forming cells. Expo- 
sure of D-550 cells to the direct acting 
mutagedcarcinogen, N-methyl-"-nitro- 

N-nitrosoguanidine, results in a dose- 
dependent increase in the TG' mutant inci- 
dence (unpublished observation), as de- 
scribed for the ARL/HGPRT mutagenesis 
assay (21). D-550 cells, however, were not 
mutated by activation-dependent mutagens/ 
carcinogens such as 2-acetylaminofluorene 
or benzo[a]pyrene (unpublished observa- 
tion) in contrast to the metabolically ac- 
tive ARL cells (21). Thus, HPCs can be 
used as a metabolizing system to provide 
activation of xenobiotics for study of the 
effects on D-550 cells. 

In the presence or  absence of HPCs, 
D-550 cells were exposed to representative 
PAHs. Exposure of D-550 alone to ben- 
zo[a] pyrene or 7 ?  12-dimethylbenz[a] an- 
thracene did not result in any increase in 
TG' mutant incidence over the parallel-run 
control (Table I). However, a significant in- 
crease in the TG' mutant incidence over 
that in control cultures was observed in 
D-550 when the carcinogen exposure was in 
the presence of HPCs. These data thus 
support previous findings in which HPCs 
were successful in providing metabolism 
for mutagenesis in ARL cells (18), bacteria 
(22), and hamster V79 cells (23) and trans- 
formation in hamster embryo cells (24). 

The effect of DDT, chlordane, and mirex 
was then examined in this system. At the 
log dose below the toxic dose, no signifi- 
cant increase in TG' mutant incidence was 
observed in the exposed human cells either 
in the absence or presence of HPC, The 
studies were repeated and the averages of 
three separate experiments were deter- 
mined (Table 11). Student t test analyses of 
mutant incidences in this series of experi- 

TABLE I .  RAT HEPATOCYTE PRIMARY CELL CULTURE (HPC)-MEDIATED MUTAGENESIS OF 
HUMAN FORESKIN FIBROBLAST (DETROIT-550) BY T H E  POLYCYCLIC AROMATIC HYDROCARBONS~ 

Cell culture Carcinogen 
No. of TGr colonies/ 

lo6 colony-forming cells 

Human fibroblast DMBA( M )  
Human fibroblast + HPC DMBA( M )  
Human fibroblast + HPC DMBA( M )  
Human fibroblast B[a]P( lop4 M )  
Human fibroblast + HPC B[u]P(~O-~ M )  
Human fibroblast + HPC B[Lz]P(IO-~ M )  
Human fibroblast + HPC DMSO(O.l%) 

0 
Toxic 

76 
0 

Toxic 
142 

0 

These experiments were repeated three times, yielding similar results each time. 
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TABLE 11. SUMMARY OF ASSAY RESULTS WITH THE ORGANOCHLORINE PESTICIDES 

TG' mutants/106 CFC" 
Dosage 

Chemicals ( M )  Without HPC With HPC 

DDT 

Chlordane 

Mirex 

DMBA 

Control 

13.0 t 4.0 
N D" 

4.3 t 7.5 
N D  

0 
N D  

11.7 t 20.2 
N D  
N D  

10.5 r 10.0 

22.3 ? 22.0 
0 
0 
0 
0 
0 

Toxic 
Toxic 

119.8 5 51.0" 
5.0 5 11.2 

" Average mutant incidence with standard deviation of at least three assays. 
Not done. 

'' P < 0.05. 

ments with the organochlorine pesticides 
(Table 11) indicated that only the parallel- 
run positive control, DMBA in the presence 
of HPCs, induced mutant incidences that 
are significantly above those of the paral- 
lel-run controls. The relatively high mutant 
incidence occasionally observed in the 
other populations probably is due to the 
selection in one particular experiment of a 
subpopulation with high mutant incidences. 

Discussion. The present report of an 
HPC-mediated human cell mutagenesis 
assay provides an in vitro system that com- 
bines a realistic activation capability and an 
endpoint of clear biological significance in a 
target cell line relevant to human risk (25, 
26). The absence of any mutagenicity of the 
organochlorine pesticides in this human cell 
system, together with negative findings in 
the bacterial tests (9, lo),  in the hepatocyte 
primary culture/DNA repair test (7, 8, 14, 
15), and in the ARL/HGPRT mutation 
assay (14, 15) must be considered relevant 
to the mechanism of the carcinogenicity of 
these agents. Based on these and other 
findings, we have suggested that certain or- 
ganochlorine pesticides are  carcinogens 
that are not genotoxic, but rather operate 
by epigenetic mechanisms including tu- 
mor-promoting effects (14, 15, 27). Re- 
cently, we have demonstrated (6, 28) that 
DDT behaves in a manner similar to that of 
other tumor promoters in inhibiting inter- 
cellular communication (15, 29, 30). In the 
case  of D D T  a n d  o t h e r  lipophilic or-  

ganochlorine pesticides, this may be a re- 
sult of their deposition within the lipid layer 
of the cell membrane. Inhibition of inter- 
cellular communication is visualized to 
interrupt transmission of signals that are 
required for maintaining normal growth 
regulation. The loss of normal growth con- 
trol signals would permit the progressive 
growth of initiated cells into neoplasms. 
This concept would account for the pro- 
moting effect of DDT when administered 
after a genotoxic carcinogen (31) and for the 
carcinogenicity of DDT when given t o  
strains of rodents with a spontaneous inci- 
dence of liver tumors (32, 33) and, there- 
fore ,  presumably a spontaneous back- 
ground of initiated cells. According to this 
hypothesis (34),  the  carcinogenicity of 
nongenotoxic organochlorine pesticides 
would depend upon a substantial level of 
exposure (in order to saturate membranes 
and inhibit intercellular communication) 
and exposure for a prolonged duration (in 
order for transformed cells to proliferate 
beyond the cell number that would be sub- 
ject to reimposition of growth control). If 
the concept described is correct, exposure 
to certain carcinogenic organochlorine pes- 
ticides at levels below those sufficient to 
cause sustained interruption of intercellular 
communication would not be oncogenic. 
Clearly more research in this area is war- 
ranted. 

I n  summary,  a hepatocyte-mediated 
human cell mutagenesis system has been 
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established in which the genotoxicity of 15. 
representative members of the class of 
polycyclic aromatic hydrocarbon carcino- 16. 
gens was demonstrated. In the same sys- 
tem, DDT, chlordane, and mirex were not 
genotoxic. An epigenetic mechanism for 
the carcinogenicity of these organochlorine 
pesticides is, therefore, suggested. 
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