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SCIENTIFIC PROGRESS 

1. Mutagenicity to mammalian cells in culture by (+) and (-> Trans-7,8- 

dihydroxy-7,8-dihydrobenzo(a)pyrenes and the hydrolysis and reduction 

products of two stereoismeric benzo(a)pyrene 7,8-diol-9,10-epoxides. 

Benzo(a)pyrene (BP), a very common polycyclic aromatic hydrocarbon 

(PAH) in our environment, is carcinogenic for experimental animals and 

may a l s o  be involved in the induction of some human malignancies. How- 

ever, in common with other carcinogenic PAH's, BP has to be metabolized 

by mixed-function oxidases and related enzymes in order to exert its 

biological properties. In view of the relationship between chemical 

carcinogenesis and mutagenesis, it is important to identify the metabo- 

lites that are responsible for the mutagenic effect of carcinogens, 

since these metabolites may also be responsible for carcinogenicity. 

We previously demonstrated that of 15 BP synthetic derivatives, (+)r- 

7,t-8-dihydroxy-7,8-dihydrobenzo(a)pyrene [(+)trans-7,8-diol] - (Fig. l), 

upon further metabolism, was more mutagenic in mammalian cells than BP and 

that the further metabolic oxidation product r-7,t-8-dihydroxy-t-9-,10- 

oxy-7,8,9,10-tetrahydrobenzo(a)pyrene (diol-epoxide I), was the most 

potent direct mutagen in mammalian cells of any tested BP metabolite or 

derivative. The trans-7,8-diol formed metabolically from BP was subse- 

quently found to be an optically pure (-1 enantiomer. We extended these 

studies by testing the mutagenicity in mammalian cells of two enantio- 

meric trans-7,8-diols as well as two triols and four tetrols that are 

products of NADPH-catalyzed reduction and aqueous-medium hydrolysis of 

the two stereoisomeric 7,8-diol-9,10-epoxides. Mutagenesis by these 

metabolites was tested in Chinese hamster V79 cells, and mutation was 
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characterized by resistance to ouabain. The V79 cells used in these 

studies do not contain detectable mixed-function oxidase, the enzyme 

necessary to metabolize PAH’s. 

metabolic activation was tested in the V79 cells that were co-cultivated 

with normal Golden hamster cells capable of metabolizing BP (cell- 

mediated assay). Mutagenesis was, therefore, tested in the V79 cells 

devoid of PAH-metabolizing enzymes and in the cell-mediated assay. 

Our results indicated that the (+)trans-7,8-diol, - (-)trans-7,8-diol, 

(+)trans-7,8-diol, (7/8,9)-triol, (7,9/10)-triol, (7,10/8,9)-tetrol, 

(7/8,9,10)-tetrol, (7,9/8,10)-tetrol and (7,9,10/8-tetrol) (Fig. 1) 

were not mutagenic to the V79. However, in the presence of cells 

capable of metabolizing PAH in the cell-mediated assay, the trans-7,8- 

diols exhibited mutagenic effects (Table 1). The (-)trans-7,8-diol, 

which is made metabolically from BP by liver microsomes, was the most 

active for V79 cells in the cell-mediated assay, while the (+)trans-7, 

8-di01, which is not a metabolite of BP, was at least six times less 

active at equimolar concentrations. These results are of importance in 

view of the experiments indicating that the (-)trans-7,8-diol leads 

predominantly to the formation of the diol-epoxide I, which we and others 

have shown to be the most active mutagenic BP derivative, while (+)trans- 

7,8-diol, which is less active in the cell-mediated assay, has not been 

detected as a metabolite of BP. None of the triols and tetrols which are 

hydrolysis and reduction products of diol-epoxides I and I1 were mutagenic 

to V79 cells either in the presence or in the absence of polycyclic- 

hydrocarbon-metabolizing cells. 

diol-epoxide hydrolysis or reduction are not biologically active. 

Mutagenesis by PAH’s that require 

This indicates that these products of 
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These r e s u l t s  a r e  i n  agreement wi th  t h e  suggest ion t h a t  mutagenici ty  

by BP i s  mainly due t o  diol-epoxide I which i s  produced v i a  t h e  metabol- 

i c a l l y  formed (-) t rans-7,8-diol .  The d a t a  suggest t h a t  t h e  t e t r o l s  and 

t r i o l s  obtained from e i t h e r  diol-epoxide I o r  diol-epoxide 11 a r e  de toxi -  

f i c a t i o n  products .  

epoxide I I 

FIGURE 1. Metabol ic  pathway of benzo(a)pyrene t h a t  l e a d s  t o  t h e  

product ion of t h e  major mutagenic and t ransforming m e t a b o l i t e ,  d io l -  

epoxide I,  and i t s  d e t o x i f i c a t i o n  via i t s  corresponding t r i o l  and t e t r o l s .  
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TABLE 1 

MUTAGENICITY OF BENZO(a1PYRENE DERIVATIVES IN 

THE CELL-MEDIATED ASSAY 

Hydrocarbon Concentration Cloning No. of ouabain-resistant 
(PM) efficiency mutants per 10: survivors - 

Control 
BP 

(I )trcns-T $-Diol 

( - ) t r a n s - i  &Diol 

(+) t rans- :  ,E-Diol 

(7,10:h,9 1-Tetrol 
(5/8,9,1OpTetrol 
(718.9j-Triol 
(7.9/6.10t-Tetrol 
(7.9,10 3)-Tetrol 
(7,9.'10 !-Triol 

- 
0.4 
1.3 
4 .O 

0.05 
0.15 
0.4 

0.05 
0.15 
0.4 

0.15 
0.4 
3.2 

3.1 
3.1 
3.3 
3.1 
3.1 
3.3 

74 
64 
3 9  
25  

64 
58 
32 

60 
4 8  
28 

68 
4 6  
28 

U3 
7 5  
7 4 
76 
G 3  
76 

0.5 
17 
3 2  
1 3 8  

8 
26 
98 

13 
50 

3 65 

2 
27 
52 

0.6 
0.6 
0.7 
0.'7 
0 .G 
1.1 

After rrearment for 2 days with BP and its mef.abolites there were 1.0-1.6 X 10' V79 
cells per Peni dish with 1.3-4 uh4 BP, 0 . 1 5 - 0 . 4  M M  (-) and (i)tran.+7,8-ciiol, and 
1.2 wX1 (+  )trons-7.8diol. In all other cases there were 1.6-2.8 x I O6 V79 cells per 
Petri dish 
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2 .  Mutagenicity of benz(a)anthracene dihydrodiol. 

Based on our previous experiments and those of others, it was possible 

to identify the non-K-region diol of benzo(a)pyrene (BP), the 7,8-dihydrodiol 

as its proximate mutagenic and carcinogenic metabolite. It was recently 

suggested that similar types of non-K-region diols may be the proximate 

mutagenic and presumably carcinogenic metabolites of other polycyclic 

aromatic hydrocarbons (PAHs). We have, therefore, undertaken the test- 

ing of diols of the weak tumor promoter, benz(a)anthracene (BA) (Fig. 2), 

for their mutagenic effect in Chinese hamster V79 cells. Mutagenesis of BA 

and its diols was tested in the direct and cell-mediated assay. For compari- 

son, we have included the potent carcinogen BP. The BA dihydrodiols tested in- 

cluded (+)-1,2-dihydroxy-l,2-dihydrobenz(a)anthraceney - (+)-3,4-dihydroxy-3,4- 

dihydrobenz(a)anthracene (3,4-dihydrodiol), (t)-trans-5,6-dihydroxy-5,6-di- 

hydrobenz(a)anthracene, and (+)-trans-8,9-dihydroxy-8,9-dihydrobenz(a)anthra- - 

cene (Fig. 2 ) .  The results indicated that neither BAY nor BP, nor any of the 

four derivatives were mutagenic for ouabain resistance in V79 cells in the direct 

assay at concentrations of about 4 uM. Also, none of the tested com- 

pounds was cytotoxic at the above concentrations. However, in the cell- 

mediated assay BP and BA- 3,4-dihydrodiol were cytotoxic and mutagenic 

with the mutagenic response increasing as a function of the hydrocarbon 

concentration (Table 2). However, although BA 3,4-dihydrodiol was about 

10 times more potent a mutagen than BA, it still had much less mutagenic 

activity than BP. The other dihydrodiols of BA had less activity than 

the parent hydrocarbon. These results and those recently reported by 

others indicate that BA 3,4-dihydrodiol may represent the proximate 

mutagenic form of BA. This is in agreement with the theory proposed by 
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FIGURE 2. Structure of Benz(a)anthracene. 

I O l B b " l 3  
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D r .  J e r i n a  (Nat iona l  Cancer I n s t i t u t e )  which p r e d i c t s  t h a t  diol-epoxides 

i n  t h e  bay-region are t h e  p r i n c i p a l  de te rminants  of mutagenici ty  and 

c a r c i n o g e n i c i t y .  A bay-region occurs  i n  a PAH such as BA when an 

angular ly  fused benzo r i n g  i s  p r e s e n t  (Fig.  2 ) .  

TABLE 2 

INDUCTION OF MUTAGENICITY I N  THE CELL-MEDIATED ASSAY BY BP 

AND BA AND ITS TRANS-DIHYDRODIOLS 

Concen- No. of ouabain-re- 
traticn Cloning sistant mutants/lO' 

Hydrocarbon (PM) efficiency SUNiVOrS= 

Control 

B A 

BA 1.2-dihydrodiol 

BA 3 1-dihydrodiol 

BA 5.6-d1 hydrodiol 

BA 6.9-dihydr0diol 

BP 

4 4  
44.0 

4.1 
4 i  .O 

1.2 
4.1 

12.0 
41 .O 

41 
41 .O 

4.1 
41 .O 

0.4 
1.3 
4 .O 

79 0.7 

73 
74 

76 
77 

65 
60 
52 
31 

64 
65 

71 
61 

59 
38 
23 

0.9 
2.1 

0.8 
0.9 

1 .o 
2.3 
8.2 
23.0 

0.8 
0.9 

0.9 
1.2 

11 0 
25.0 
99.0 

The polycyclic hydrocarbons tested were added 5 hr after 3 * l o5  '79 cells were se I? 
cm 2 10' irradiated golden hamster cells Two days after treatmerit the cells wt-re 
dissocGated and seeded to determine the cloning efficiency of the V79 cells and l t i e  
frequency of ouabain-resistant mutants At the time when the cells were seeded for 
cloning efficiency and selection of mutation. there were in the control and in the 
hydrocarbon-treated cultures from 1 5 to 2 7 x lo6 V79 cellslPelri dish 

The maximum percentage of s D was less than 25% 
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3 .  Mutagenici ty  of f l u o r i n a t e d  7,12-dimethylbenz(a)anthracenes. 

7,12-Dimethylbenz(a)anthracene,(DMBA), one of t h e  most po ten t  

carc inogenic  po lycyc l i c  aromatic  hydrocarbons (PAH's), (F ig .  3 ) ,  l i k e  

o t h e r  such carcinogens including,benzo(a)pyrene and benz(a)an thracene ,  

h a s  t o  be metabol ized by mixed-function oxidases  and r e l a t e d  enzymes i n  

o r d e r  t o  e x e r t  i t s  mutagenic e f f e c t  i n  mammalian c e l l s .  As previous ly  

d i scussed ,  t h e  ox ida t ion  product  of t h e  "bay-region" d i o l  of a PAH, 

i nc lud ing  DMBA (Fig.  3), t h e  diol-epoxide (3,4-diol-1,2-epoxide) i s  

presumably r e s p o n s i b l e  f o r  t h e  PAH's mutagenic e f f e c t .  

i n t e r e s t  t o  determine whether DMBA i s  indeed a c t i v a t e d  i n t o  a mutagen 

via t h i s  rou te .  Therefore ,  four  d i f f e r e n t  f l u o r i n a t e d  d e r i v a t i v e s  of 

t h i s  po ten t  carcinogen were t e s t e d  f o r  mutagenesis i n  Chinese hamster 

V79 ce l l s .  The u s e  of f l u o r i n a t e d  s u b s t i t u t i o n  a t  a g iven  r i n g  carbon 

i s  expected t o  reduce e l e c t r o n  d e n s i t y  a t  t h a t  p o s i t i o n ,  t h u s  prevent- 

It  would be of 

i ng  t h e  enzymic a t t a c k  t h e r e .  A r e d u c t i o n  i n  t h e  mutagenic and carcino- 

genic  a c t i v i t y  of t h e  s p e c i f i c  f l u o r i n a t e d  DMBA would imply t h a t  t h i s  

f l u o r i n a t e d  carbon is  involved i n  t h e  metabol ic  a c t i v a t i o n  of DMBA. 

The d e r i v a t i v e s  used inc lude  those  f l u o r i n a t e d  a t  p o s i t i o n  1 o r  2 (bay- 

r e g i o n ) ,  a t  t h e  5 p o s i t i o n  (K-region), and t h e  11 p o s i t i o n ,  which does 

no t  involve  t h e s e  two s u s c e p t i b l e  s i tes  (Fig.  3 ) .  

T h e r e s u l t s i n d i c a t e d  t h a t  DMBA and i t s  fou r  d e r i v a t i v e s  w e r e  not  

mutagenic t o  V79 cel ls .  However,after t h e i r  metabolism i n  t h e  c e l l  

mediated assay ,  DMBA's f l u r o i n a t e d  a t  e i t h e r  p o s i t i o n s  1,2 o r  5 ,  were 

d rama t i ca l ly  less mutagenic than  DMBA, whi le  f l u o r i n a t i o n  a t  p o s i t i o n  

11, which i s  remote from t h e  bay r eg ion ,  d i d  n o t  reduce t h e  mutagenic 

a c t i v i t y  of DMBA (Table 3 and Fig.  4 ) .  These r e s u l t s  are i n  agreement 
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wi th  t h e  sugges t ion  t h a t  a d io l -epoxide  a t  t h e  bay r eg ion  (F ig .  3)  may 

rep resen t  t h e  u l t i m a t e  mutagenic m e t a b o l i t e  of  DMBA. However, our 

r e s u l t s  showing that f l u o r i n a t i o n  a t  t h e  5 p o s i t i o n  of t h e  K-region of 

DMBA b r i n g s  about a d rama t i c  r e d u c t i o n  i n  mutagenic i ty  (Table 3)  may 

imply  t h a t  t h i s  p o s i t i o n  i s  a l s o  a necessary  p r e r e q u i s i t e  i n  t h e  meta- 

b o l i c  a t t a c k  by t h e  mixed-function oxidases .  It i s  p o s s i b l e ,  however, 

t h a t  t h i s  p o s i t i o n  h a s  t o  be f r e e  so that i t  can i n t e r a c t  w i t h  t h e  

appropr i a t e  enzyme i n  a way t h a t  i n  t u r n  allows o x i d a t i o n  a t  t h e  bay 

reg ion .  These r e s u l t s  on t h e  5-fluoro-DMBA i n d i c a t e  t h a t  e i t h e r  t h e  

metabolic a c t i v a t i o n  of DMBA i n t o  a mutagen may invo lve  more than one 

metabolic pathway o r  t h a t  s u b s t i t u t i o n  of DMBA w i t h  f l u o r i n e  may a l t e r  

t h e  n a t u r a l  pathway o f  DMBA a c t i v a t i o n .  

It i s  a l so  i n t e r e s t i n g  t o  n o t e  t h a t ,  as i n  t h e  case of benz(a) -  

anthracene and benzo(a)pyrene d e r i v a t i v e s ,  we found, i n  c o l l a b o r a t i o n  wi th  

D r .  T .  S laga ,  bo th  a q u a n t a t i v e  and a q u a l i t a t i v e  c o r r e l a t i o n  between 

t h e  t u m o r - i n i t i a t i n g  a c t i v i t y  of DMBA and t h e  fou r  f l u o r i n a t e d  der iva-  

t i v e s  i n  mouse s k i n  and t h e i r  mutagenic a c t i v i t y  i n  V79 cells  co- 

c u l t i v a t e d  i n  t h e  ce l l -media ted  a s s a y .  
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\ 
K-REGION 

FIGURE 3. Structure of 7,12-dimethylbenz(a)anthracene 
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TABLE 3 

MUTAGENICITY OF DMBA AND I T S  FLUORINATED D E R I V A T I V E S  I N  THE 

C ELL-MED I ATED AS SAY 

No. of 
Concentration CI oning ouo bi an -res is tont 

Hydrocarbon (r E )  efficiency (70) mutants pzr 106 survivors 

None - 76 0.7 

DMBA 

1 -f I uoro-DM BA 

2-f i uoro-DM BA 

5 -f i uoro-DM BA 

1 1 -fluoro-DM BA 

O.O! 
0.04 
0.1 3 
0.4 

3.8 
12 
33 

3.8 
12 
35 

3.8 
12 
33 

0.0 1 
0.04 
0.1 2 

56 
45 
1 8  
2 

ao 
62 
59 

67 
71 
66 

59 
55 
43 

44 
36 
8 

7 
24 
52 
6 9  

1 
3 
6 

0.9 
0,7 
1 .o 

2 
4 

10 

5 
19 
37 

5 
DMBA and its derivatives were added 5 h r  a f te r  3 x 10 V79 cells were seeded on 

2 x 10 irradiated embryonic golden hamster cells. 

were dissociated ond seeded to defermine the cloning efficiency of the V79 cells ond the 

6 Two days after treatment, the cells 

frequency of ouabian-resistant mutants. At the time when {he cells were seeded for 

cloning efficiency and selection of mutation, there were in the control and in the 

hydrocarbon-treated cultures f rom 0.9 to 3.0 x 10 V79 cells p e r  Petri dish. 4 
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CONCN (pM) 

FIGURE 4 .  Mutagenicity of DMBA and its 11-fluor0 derivative. DMBA 
and 11-fluoro-DMBA were added 5 hr after 3 x lo5 V79 cells were seeded 
on 2 x l o 6  irradiated embryonic golden hamster cells. 
treatment, the cells were dissociated and seeded to determine the clon- 
ing efficiency of the V79 cells and the frequency of ouabain-resistant 
mutants. Left, Percent surviving colonies after treatment with the 
hydrocarbons as a function of the hydrocarbon dose. Right, Mutation 
frequency as a function of hydrocarbon dose. 0 ,  DMBA; 0, 11-fluoro-DMBA. 

Two days after 
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4. Identification of 7,12-dimethylbenz(a)anthracene metabolites that 

lead to mutagenesis in mammalian cells. 

The rapid progress in recent years in the understanding of the 

metabolic pathways of polycyclic aromatic hydrocarbons (PAH's) that 

lead to carcinogenicity has stemmed from efficient separation of metabo- 

lites by high-pressure liquid chromatography (HPLC), their DNA binding, 

and mutagenesis studies. This approach led us and others to identify 

benzo(a)pyrene-7,8-diol-9,lO-epoxide (Fig. 1) as the major mutagenic 

metabolite of the potent carcinogen benzo(a1pyrene. Other studies have 

implicated similar types of metabolites as the major mutagenic metabolites 

of several other PAH's. 

7,12-Dimethylbenz(a)anthracene (DMBA) is extensively studied in view 

of the finding that it is a PAH which can induce not only sarcomas, but 

also lung and mammary carcinomas, which are common malignancies in the 

human population. DNA fluorescence studies and studies with fluorinated 

derivatives have implicated the 1,2,3,4-ring of DMBA (Fig. 3)  in the 

metabolic activation of this potent carcinogen. However, the studies 

with fluorinated derivatives have suggested the involvement of additional 

metabolic routes, not necessarily the bay region, in the metabolic acti- 

vation of  DMBA (see Section 3 ) .  
, 

We have, therefore, undertaken to identify, by the use of DMJ3A 

metabolites that are formed enzymatically instead of model compounds, the 

metabolic pathway or pathways which lead to its mutagenic activity in 

mammalian cells. For this determination 11 DMBA metabolites isolated 

from -- in vitro metabolism of DMBA and its methyl-hydroxylated derivates 

with rat liver microsomes were tested f o r  mutagenesis in the Chinese 
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hamster V79 c e l l s .  The me tabo l i t e s  included t h e  t rans-3 ,4-d io ls  3f 

DMBA, 7-OHM-12-MBA, and 7-M-12-OHMBA; t h e  t rans-5 ,6-d io ls  of DMB;. and 

7-OHM-12-MBA; t h e  t rans-8 ,9-d io ls  of DMBA, 7-M-12-OHMBA, and 7-0I.X-12- 

MBA; 7-OHM-12-MBA; 7-M-12-OHMBA; and 7,12-diOHMBA. Our r e s u l t s  ind ica ted  

t h a t  none of t h e s e  compounds were mutagenic i n  t h e  V79 c e l l s ,  which do 

not  metabol ize  PAHs. However, a f t e r  metabolism i n  t h e  cell-mediated 

assay which a l lows  PAH metabolism, t h e  t rans-3 ,4-d io ls  were more a c t i v e  

than t h e i r  pa ren t  hydrocarbons,  whereas t h e  t rans-5,6-  o r  8 ,g-d io ls  

were e i t h e r  weak o r  no t  mutagenic (Fig.  5 ) .  The metabolism t o  a c t i v e  

mutagens i n  t h e  cel l -mediated assay from t h e  t rans-3 ,4-d io ls  was i n h i b i t e d  

by t h e  mixed-function oxidase  i n h i b i t o r ,  7,8-benzoflavone. Th i s  suggests  

that  t h e s e  t rans-3 ,4-d io ls  are  f u r t h e r  ox id ized  t o  r e a c t i v e  mutagenic 

me tabo l i t e s  (Table 4 ) .  

Since l i v e r  microsomes do not  n e c e s s a r i l y  m i m i c  t h e  me tabo l i t e  p r o f i l e  

produced i n  i n t a c t  cel ls ,  w e  have, i n  c o l l a b o r a t i o n  w i t h  D r s .  S .  Yang and 

M. Chou, analzyed t h e  DMBA me tabo l i t e s  produced by i n t a c t  c e l l s .  This  

metabol ic  s tudy  i n d i c a t e d  t h a t  t h e  DMBA-trans-3,4-diol, which i s  more 

a c t i v e  than DMBA i t se l f  i n  inducing mutat ion i n  mammalian c e l l s ,  is  a l s o  

one of t h e  major metabo l i t e s  (Fig.  6 ) .  Based on t h i s  r e s u l t  and those  

wi th  f l u o r i n a t e d  DMBA as w e l l  a s  DNA b inding ,  w e  sugges t  t h a t  DM3A- 

trans-3,4-diol-l,Z-epoxide may be  a major mutagenic and presumably t h e  

tumorigenic m e t a b o l i t e  of t h i s  po ten t  carcinogen (Fig.  7). Simi lar  

metabolic pathways from t h e  f u r t h e r  metabolism of 7-OHM-12-MBA and 

7-M-12-OHMl3A, which are me tabo l i t e s  of DMBA i n  i n t a c t  cel ls ,  as w e l l  

as t h e  o x i d a t i v e  p r o c e s s w h i c h l e a d s  t o  methyl hydroxyla t ion  may a l s o  

c o n t r i b u t e  t o  t h e  mutagenic e f f e c t s  of DMBA. 
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(ABBREVIATIONS: DMBA, 7,12-dimethylbenz(a)anthracene; - 7-M-12-OHA?lBA, 

7-methyl-12-hydroxymethylbenz(a)anthracene; 7-OHM-12-MBA, 7-hydroxy- 

methyl-12-methylbenz(a)anthracene; - 7,12-diOHMBA, 7,12-dihydroxymethyl- 

benz(a)anthracene; - 7-CHO-12-MBA, 7-formyl-12-methylbenz(a)anthracene; 

7-M-12-CHOBA, 7-methyl-12-formylbenz(a)anthracene; 7,12-DMBA-trans-3, 

4-diol, trans-3,4-dihydroxy-3,4-dihydro-7,12-DMBA; other dihydrodiol 

metabolites are similarly abbreviated.) 
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FIGURE 5. Induction of ouabain-resistant (A) and 6-thioguanine- 
resistant (B) mutants in Chinese hamster V79 cel.1~ cocultivated with 
normal golden hamster embryo cells after treatment with DMBA and 11 of 
its metabolites. 
diols there were 0.8-1.5 x lo6 V79 cells/Petri dish; these cells gave 
cloning efficiencies that ranged from 3 to 40%. In all other cases there 
were 1.6 -3.0 x lo6 V79 cells/Petri dish which gave cloning efficiencies 
that ranged from 35-80%. 

At 2 days after treatment with DMBA and the trans-3,4- 
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FIGURE 6. HPLC analysis of ethyl-acetate-extractable metabolites 

Known metabolites 
from cultured golden hamster embryonic cells cocultivated with Chinese 
hamster V79 cells treated with [3H]DMBA for 24 hr. 
that are cochromatographic as W markers are indicated by arrows. 
are: (A) 7-M-12-OHMEiA-trans-3,4-diol and 7-OHM-12-MBA-trans-3,4-diol; 
these two trans-3,4-diols are separable on another HPLC system. (B) DMBA- 
trans-5,6-diol. (C) DMBA-trans-8,g-diol. (D) DMBA-trans-3,4-diol. 
(E)-OHM-12-MBA. (F) 7-M-12-OHMBA. (G) A mixture of DMBA phenols. 
(H) DMBA. Through extensive isolation procedures by different columns 
and solvent systems, the radioactivity cochromatographed with DMBA- 
trans-3,4-diol was found to be free of any other dihydrodiol and phenolic 
metabolites of DMBA, 7-M-12-OHMBA, and 7-OHM-12-MBA . A similar 
metabolite profile from DMBA was obtained from the medium of the golden 
hamster cells which were cultured in the absence of the V79 cells. 
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5. Liver  cel l -mediated mutagenesis of mammalian cel ls  by l i v e r  

carc inogens  . 
The cel l -mediated mutagenesis a s s a y  t h a t  w e  have used i n  t h e  p a s t  

and those  mentioned i n  the  prev ious  s t u d i e s  uses  f i b r o b l a s t s  t o  a c t i -  

vate t h e  carc inogen  and mutable V 7 9  c e l l s  which are  incapable  of 

a c t i v a t i n g  most carcinogens.  By us ing  t h i s  approach, a c o r r e l a t i o n  

between t h e  mutagenic a c t i v i t y  and t h e  i n  v ivo  carc inogenic  a c t i v i t y  

w i t h  po lycyc l i c  hydrocarbons has  been achieved.  Furthermore, t h i s  

system has  been used,  as mentioned i n  p rev ious  s e c t i o n s ,  t o  i d e n t i f y  

m e t a b o l i t e s  t h a t  are re spons ib l e  f o r  t h e  mutagenic e f f e c t  of some carcino-  

genic  PAHs. However, c u l t u r e d  f i b r o b l a s t s  are  unable t o  a c t i v a t e  c e r t a i n  

c l a s s e s  of compounds, inc luding  those  which cause cancer  of t he  l i v e r .  

Therefore ,  t o  i nc rease  t h e  spectrum of compounds t h a t  can be s tudied  

i n  t h e  cel l -mediated mutagenesis system, w e  have used primary c u l t u r e s  

of  ra t  l i v e r  ce l l s  t o  a c t i v a t e  two known classes of l i v e r  carcinogens and 

V79 ce l l s  t o  d e t e c t  t h e i r  mutagenic me tabo l i t e s .  The l i v e r  c e l l s  were 

prepared by s tandard  pe r fus ion  techniques .  Conversion from ouabain 

s u s c e p t i b i l i t y  t o  ouabain r e s i s t a n c e ,  a mutat ion a s soc ia t ed  wi th  t h e  

s u r f a c e  membrane Na /K ATPase, w a s  used as t h e  gene t i c  marker. The 

b a s i c  procedure f o r  t h e  l i v e r  cel l -mediated mutagenesis assay  as 

desc r ibed  i n  Fig.  8 w a s  similar t o  t h e  f ibroblas t -media ted  assay .  

c u l t i v a t i o n  of V79 c e l l s  w i t h  primary l i v e r  ce l l s  up t o  3 days i n  t h e  

absence of carc inogen  d id  n o t  i n c r e a s e  t h e  mutat ion frequency f o r  

ouabain r e s i s t a n c e .  However, when V79 ce l l s  and primary l i v e r  c e l l s  

w e r e  c o c u l t i v a t e d  i n  t h e  presence  of 1 . 4  mM dimethylni t rosamine (DMN), 

t h e  carcinogen-inducedouabain-resistant mutants  and t h e  mutat ion 

+ +  

Co- 
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frequency inc reased  from 48 t o  84 mutants p e r  lo6 s u r v i v o r s  a f t e r  24  and 

48 h r  of carcinogen exposure ,  r e s p e c t i v e l y .  By 72 h r  t h e r e  had been 

ex tens ive  V79 ce l l  r e p l i c a t i o n  and t h e  c e l l  c u l t u r e s  were degenerat ing.  

Therefore ,  i n  a l l  of t h e  fo l lowing  experiments,  w e  used t h e  c o c u l t i v a t i o n  

t i m e  of 48 hr  a f t e r  a d d i t i o n  of t h e  chemical. 

When the  number of a t t a c h e d  l i v e r  c e l l s  w a s  increased  from 0.5 t o  

6 2.0 x 10  c e l l s  i n  t h e  c o c u l t i v a t i o n  experiments i n  t h e  presence of 1 . 4  mM 

DMN, t h e  mutat ion f requency  increased  from 7 t o  96 mutants pe r  10 sur -  

v i v o r s  (Fig.  9 ) .  I n c r e a s i n g  t h e  number of l i v e r  ce l l s  p l a t e d ,  i n  order  

t o  use more than  2.0 x 10  a t t ached  l i v e r  c e l l s ,  r e s u l t e d  i n  a reduct ion 

i n  V79 c e l l  r e p l i c a t i o n  du r ing  the  48 hr  c o c u l t i v a t i o n  per iod and decreased 

t h e  c loning  e f f i c i e n c y  of t h e  V79 c e l l s .  To e l i m i n a t e  t h i s  cy to toxic  e f f e c t  

of t h e  l i v e r  ce l l s  on t h e  V79 ce l l s ,  a l l  f u r t h e r  experiments  were c a r r i e d  

7 6 out  by seeding 10  l i v e r  ce l l s ,  which gave about 2 x 1 0  ce l l s  a t tached .  

6 

6 

To determine whether  mutagenesis by DMN w a s  dose-dependent, t h e  V79 

ce l l s  c o c u l t i v a t e d  w i t h  l i v e r  c e l l s  were t r e a t e d  w i t h  DMN a t  concent ra t ions  

up t o  13.5 mM (F ig .  10). A f t e r  t reatment  t h e  frequency of ouabain-resis tant  

mutants increased  e x p o n e n t i a l l y  wi th  inc reas ing  DMN concen t r a t ions  up t o  

1 . 4  mM. A t  1 . 4  mM DMN t h e  number of mutants w a s  about  90/10 surv ivors .  

Above 1 . 4  mM DMN t h e  muta t ion  frequency increased  more s lowly wi th  in- 

c r eas ing  DMN c o n c e n t r a t i o n s  and a t  13.5 mM about 180 mutants per  1 0  

su rv ivo r s  were ob ta ined .  These r e s u l t s  i nd ica t ed  t h a t  DMN w a s  mutagenic 

t o  V79 ce l l s  i n  t h e  p re sence  of l i v e r  cells  t h a t  metabol ize  t h i s  carcino-  

gen t o  mutagenic m e t a b o l i t e ( s )  and t h a t  t h e  degree of mutagenesis w a s  

dependent on t h e  number of l i v e r  c e l l s  as w e l l  as on t h e  dose of t he  

carc  inogen. 

6 

6 
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I n  a d d i t i o n  t o  DMN w e  have inc luded  i n  our s t u d i e s  two o t h e r  po ten t  

l i v e r  carcinogens,  d i e thy ln i t rosamine  (DEN) and a f l a t o x i n  B1 (AFB1) as  

w e l l  as t h e i r  i n a c t i v e  analogues,  nitrosomethyl-tert-butylamine (MBN) 

and a f l a t o x i n  G 

l i v e r  c e l l s  w i th  t h e  above chemicals i n d i c a t e d  t h a t  both carcinogens DEN 

and AFB were mutagenic and t h e i r  mutagenic response was dose-dependent 

whi le  t h e i r  analogues were i n a c t i v e  ( T a b l e s  5 and 6 ) .  These r e s u l t s  show 

that i n  the  p r e s e n t l y  descr ibed  l i v e r  cell-mediated a s say  we have demon- 

s t r a t e d  a r e l a t i o n s h i p  between -- i n  v ivo  ca rc inogen ic i ty  and cell-mediated 

mutagenici ty  f o r  two c l a s s e s  of l i v e r  carcinogens and t h e i r  noncarcino- 

genic  analogues.  Furthermore,  our l i v e r  cell-mediated mutagenesis may 

be  more s e n s i t i v e  than  l i v e r  microsome-mediated mutagenesis. I n  t h e  

p re sen t  s t u d i e s  w t h  2 x 10 a t t ached  l i ve r  c e l l s  from noninduced an imals ,  

a DMN concen t r a t ion  of on ly  1 .4  mM w a s  r equ i r ed  t o  enhance t h e  mutat ion 

frequency of V79 cel ls  about  90-fold. I n  o t h e r  s t u d i e s  wi th  microsomes 

from induced an imals ,  50 mM o r  more DMN w a s  needed t o  o b t a i n  a s imilar  

i n c r e a s e  i n  mutat ion frequency of V79 ce l l s .  Experiments w i th  b a c t e r i a  

a l s o  requi red  h igher  DMN concen t r a t ions .  The l i v e r  cell-mediated a s s a y  

may t h e r e f o r e  be used as a s e n s i t i v e  a s s a y  f o r  screening of chemicals 

hazardous t o  humans. Th i s  approach could be extended t o  c o c u l t i v a t i o n  

of cel ls  from o t h e r  organs wi th  mutable  mammalian c e l l s .  

(AFGZ). Treatment of V79 cells cocu l t iva t ed  wi th  t h e  2 

1 

6 
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LIVER CELLS ATTACHED (1 IO-') 

FIGURE 9. Induction of ouabain-resistant mutants in V79 cells 
cocultivated with different numbers of liver cells. 
types were cocultviated for 2 days in the presence of 1.4 mM DMN or 
without DMN before being reseeded to measure cloning efficiency 
( a ,  with DMN; I7 , without DMN) and mutation frequency (e, with 
DMN; 0, without DMN). 

The two cell 
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CONCENTRATION OF DMN (mM) 

FIGURE 10. 1,nduction of ouabain- res i s tan t  mutants a f t e r  t rea tment  
V79 c e l l s  were t r e a t e d  f o r  2 days i n  t h e  wi th  d i f f e r e n t  doses of DMN. 

presence o r  absence of l i v e r  ce l l s  b e f o r e  being reseeded t o  measure 
cloning e f f i c i e n c y  (D , w i t h  l i v e r  cel ls ;  a, without  l i v e r  c e l l s )  and 
mutation frequency ( 0 ,  with l i v e r  cel ls ;  0,  without l i v e r  c e l l s ) .  
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TABLE 5. 

INDUCTION OF OUABAIN-RESISTANT MUTANTS BY NITROSAMINES. 

Ouabain - 
CI oning resistant 

6 
Concen tration eff iciency mutants/IO 

* 
Trea tmen t (m M) (”/) survivors 

Control 

DMN 4.5 
13.5 

DEN 0.5 
4.5 

13.5 
45.0 

MBN 0.5 
4.5 
13.5 

88 

18 
20 

94 
56 
44 
38 

a0 

a5 
84 

1 

115 
171 

2 
16 
30 
50 

6 7 *The number o f  V79 cells/T-flask wos 0.6 X 10 when 10 l iver cells 
The cells were treated for 2 days with the chemicols, were seeded. 

a t  which time they were tryprinized ond reseeded to determine 
cloning eff iciency and mutation frequency 
ce l l  number/T-flask ranged from 1.2 X 10‘ to 3.3 X 1 0 6 .  

At this time the V79 
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TABLE 6. 

INDUCTION OF OUABAIN-RESISTANT MUTANTS BY AFLATOXINS. 

~ 

Ouabain- 

Cloning resistant 
6 

Concentra t ion efficiency mu tan ts/I O 
*. 

Treo tmen t (PM) ("/.I survivors 

Control 82 1 

AFB, 0.2 
1.4 
3.2 
9.6 

64 7 
40 14 
26 19 
5 67 

AFG2 0.2 89 1 
0.3 89 1 
1 .4  79 1 
3.2  85 1 

* 
See legend to T a b l e  5 .  
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6. C e l l  s p e c i f i c i t y  i n  metabol ic  a c t i v a t i o n  of the  po ten t  carcinogens 

a f l a t o x i n  B 

Many environmental  chemical carc inogens  e x h i b i t  an organ-spec i f ic  

and benzo(a)pyrene t o  mutagens for mammalian c e l l s .  1 

e f f e c t  i n  exper imenta l  animals .  More s p e c i f i c a l l y ,  some carcinogens 

w i l l  mal ignant ly  t ransform l i v e r  ce l l s  whi le  o t h e r s  may cause tumors 

der ived  from connect ive  t i s s u e  c e l l s .  I n  view of t h e  r e l a t i o n s h i p  

between mutagenesis  and ca rc inogenes i s ,  i t  w a s  of i n t e r e s t  t o  study 

such a c e l l  s p e c i f i c i t y  i n  i n  v i t r o .  

t h e  a b i l i t i e s  of two d i f f e r e n t  c e l l  t ypes ,  f i b r o b l a s t s  and l i v e r  c e l l s  

To test t h i s ,  w e  have compared 

der ived  from rats,  t o  metabol ize  two d i f f e r e n t  carcinogens t o  water- 

s o l u b l e  p roduc t s ,  t o  i n t e rmed ia t e s  which bind t o  c e l l u l a r  DNA, and t o  

in t e rmed ia t e s  which are mutagenic t o  Chinese hamster V79 cel ls .  The 

two chemicals s t u d i e d  were benzo(a)pyrene (BP),  a po ten t  s k i n  and lung 

carcinogen which can a l s o  produce f ibrosarcomas and a f l a t o x i n  B ( A F ) ,  

a po ten t  l i v e r  carcinogen.  Ouabain r e s i s t a n c e  was used as t h e  gene t i c  

1 

marker i n  V 7 9  cel ls .  The r e s u l t s  i n d i c a t e d  t h a t  BP w a s  a po ten t  mutagen 

i n  t h e  V79 ce l l s  c o c u l t i v a t e d  wi th  f i b r o b l a s t s  ( f ibroblast-mediated 

assay)  and n o t  when c o c u l t i v a t e d  wi th  l i v e r  ce l l s  ( l iver-cel l -mediated 

assay)  (F ig .  11). The l i v e r  carcinogen AF exhib i ted  an inve r se  r e l a t i o n -  

sh ip ;  i t  w a s  a p o t e n t  mutagen i n  t h e  l iver-cel l -mediated assay  but  not  

i n  t h e  f ibroblas t -media ted  a s s a y  (Fig.  11 ) .  

The d i f f e r e n c e s  observed i n  t h e  mutagenic a c t i v i t i e s  of BP and AF 

i n  the  hepatocyte-  and f ibroblas t -media ted  assays  suggest  t h a t  t hese  two 

carcinogens are metabol ized d i f f e r e n t l y  i n  each of t h e  two c e l l  t y p e s .  

Therefore ,  t h e  e x t e n t  of BP and AF metabolism t o  water-soluble  me tabo l i t e s  

by hepatocytes  and f i b r o b l a s t s  w a s  compared. The r e s u l t s  i nd ica t ed  t h a t  
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l i v e r  ce l l s  metabol ize  both BP and AF t o  water-soluble  products ,  while 

f i b r o b l a s t s  metabol ize  BP b u t  no t  AF (Figs .  1 2  and 13 ) .  For both c e l l  

t ypes ,  t h e  metabolism of  BP t o  water-soluble  products  was propor t iona l  

t o  t h e  c e l l  number, t h e  dose of  t h e  hydrocarbon, and t h e  t i m e  of the  

incuba t ion  up t o  48 h r .  A f t e r  48 h r ,  BP metabolism by l i v e r  c e l l s  

reached a p l a t e a u ,  probably due t o  c e l l  degenera t ion ,  whi le  i n  the  

f i b r o b l a s t s ,  BP metabolism cont inued f o r  an  a d d i t i o n a l  24 h r .  The 

metabolism of AF by l i v e r  c e l l s  was a l s o  p ropor t iona l  t o  t h e  c e l l  number, 

t h e  dose of t h e  carcinogen, and t h e  t i m e  up t o  24 h r .  The l i v e r  c e l l s  

showed only  a l i m i t e d  i n c r e a s e  i n  AF metabolism a f t e r  24 h r ,  presumably 

due t o  t h e  cy to tox ic  e f f e c t s  of AF me tabo l i t e s  and degenerat ion of t he  

hepa tocy te s  i n  c u l t u r e .  

can  e x p l a i n  t h e  absence of AF mutagenici ty  i n  t h e  f ibroblast-mediated 

a s say .  

The f i b r o b l a s t s  d id  not  metabol ize  AF, and thus  

Therefore ,even though on a p e r - c e l l  b a s i s ,  l i v e r  c e l l s  were ab le  t o  

metabol ize  BP t o  water-soluble  products  4-5 t i m e s  more e f f e c t i v e l y  than 

f i b r o b l a s t s ;  BP w a s  n o t  a c t i v a t e d  by them t o  a mutagen. These f ind ings  

r a i s e d  t h e  ques t ion  of product ion  and/or  release of mutagenic BP metabo- 

l i t e s  by t h e  l i v e r  c e l l s .  

t i v e  BP in t e rmed ia t e s  by t h e  two c e l l  types ,  t h e  b inding  of BP metabol i tes  

t o  DNA w a s  measured. 

mately t h r e e  times as  much BP w a s  bound t o  t h e  DNA of  t h e  f i b r o b l a s t s  

as w a s  bound t o  t h e  DNA of  t h e  l i v e r  c e l l s  (Table  7 ) .  Thus, even though 

t h e  l i v e r  c e l l s  metabolized fou r  t o  f i v e  times as much BP t o  water- 

s o l u b l e  products  a t  1 &ml, they  had s u b s t a n t i a l l y  fewer DNA-bound BP 

p roduc t s  than  t h e  f i b r o b l a s t s .  These f i n d i n g s  i n d i c a t e  t h a t  e i t h e r  

To estimate t h e  r e l a t i v e  product ion of reac- 

A t  1 pg BP/ml and a f t e r  2 4  h r  exposure,  approxi- 
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l i v e r  ce l l s  me tabo l i ze  BP t o  l e s s  r e a c t i v e  in t e rmed ia t e s  as  compared with 

f i b r o b l a s t s ,  o r  t h a t  i f  such r e a c t i v e  me tabo l i t e s  a re  formed, they a r e  

r a p i d l y  d e t o x i f i e d .  

The mutagenic a c t i v i t y  of BP i n  t h e  f ibroblas t -media ted  assay but not  

i n  t h e  hepatocyte-mediated assay  and t h e  i n v e r s e  s i t u a t i o n  w i t h  AF a r e  i n  

agreement w i t h  t h e  i n  v ivo  a c t i v i t i e s  of these  two carc inogens .  However, 

"S-9" s u b c e l l u l a r  f r a c t i o n s  from l i v e r  t i s s u e  have been r epor t ed  t o  a c t i -  

v a t e  both carc inogens  t o  in te rmedia tes  which are mutagenic f o r  both 

Salmonella typhimurium and V79 c e l l s .  These d i f f e r e n c e s  i n  t h e  metabolic 

a c t i v a t i o n  may r e s u l t  from t h e  d i s rup t ion  i n  t h e  l i v e r  s u b c e l l u l a r  prepa- 

r a t i o n s  of t h e  normal ba lance  of pathways by which BP and AF are ac t iva t ed  

and d e t o x i f i e d  i n  t h e  i n t a c t  l i v e r .  

Our r e s u l t s  i n d i c a t e d  t h a t  a ce l l - type  s p e c i f i c i t y  i n  chemical carcino- 

genes is  can be  i n v e s t i g a t e d  by the  cell-mediated assay .  Furthermore, 

while  t he  metabolism of procarcinogens is  r equ i r ed  t o  man i fe s t  i n  v i t r o  

mutagenic a c t i v i t y ,  o v e r a l l  metabolism a lone  i s  no t  s u f f i c i e n t  t o  p r e d i c t  

the  a c t i v i t y  of  a carc inogen  i n  a given c e l l  type.  

t h e  metabol ic  a c t i v a t i o n  of t h e  same chemical carc inogens  by subce l lu l a r  

f r a c t i o n s  a s  opposed t o  i n t a c t  c e l l s  and t h e  l o s s  of c e l l  s p e c i f i c i t y  by 

t h e  former l e a d s  us  t o  sugges t  t h a t  t h e  cell-mediated a s say  may provide 

a more u s e f u l  means of sc reening  environmental  chemicals  and may a l s o  be 

used t o  s tudy t i s s u e  s p e c i f i c i t y  of chemical carc inogens  i n  v i t r o .  

-_I_ 

The discrepancy between 

-- 
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FIGURE 11. Fibroblas t -  and l iver-cel l -mediated mutagenesis by the  
carcinogens BP ( a )  and AF (b). Mutation t o  ouabain r e s i s t a n c e  w a s  
determined i n  Chinese hamster V79 c e l l s  a f t e r  cocu l t iva t ion  w i t h  e i t h e r  
l i v e r  ce l l s  o r  f i b r o b l a s t s  de r ived  from Sprague-Dawley ra t s .  The l i v e r  
c e l l s  were obta ined  a f t e r  i n  vivo co l l agenase  per fus ion  of a l i v e r  from 
a 6- t o  10-week-old male ra t .  
25-cm2 T-flask.  

v i a b l e  by t rypan b lue  dye exc lus ion  and p l a t i n g  e f f i c i e n c y  of 20%) were 
seeded on t h e  V79 c e l l s .  
carcinogens were added i n  8 m l  of f r e s h  medium. 
d ispersed  wi th  0.05% t r y p s i n  and 0.02% EDTA, and t h e  V79 c e l l s  were seeded 
a t  200 c e l l s  p e r  50-mm P e t r i  d i s h  i n  4 m l  medium t o  determine c loning  
e f f i c i e n c y  and a t  l o 5  c e l l s  p e r  50-mm P e t r i  d i sh  t o  determine t h e  number 
of ouabain- res i s tan t  co lonies .  The c lon ing  e f f i c i ency  of V79 c e l l s  co- 
c u l t i v a t e d  w i t h  l i v e r  o r  f i b r o b l a s t  cel ls  was approximately 60%. A f t e r  
c o c u l t i v a t i o n  t h e  number of V79 c e l l s  pe r  T-flask ranged from 1 . 2  t o  2.8 
x 106 c e l l s .  

-- 
V79 c e l l s  were seeded a t  lo5 ce l l s  per  

A f t e r  18 h r  e i t h e r  2 x l o 6  ra t  embryo f i b r o b l a s t s  
( l e t h a l l y  i r r a d i a t e d  wi th  5000 R) o r  10  7 primary ra t  hepa tocytes  (80-90% 

A f t e r  3 h r  t h e  medium w a s  changed and t h e  
48 h r  la ter  t h e  ce l l s  were 

a, Liver  cells; 0, f i b r o b l a s t s .  

1018bC18 
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TABLE 7.  

B I N D I N G  OF BP TO THE DNA OF FIBROBLASTS AND LIVER CELLS. 

BP Binding (ng bound BP/mg DNA) 

a f t e r  t rea tment  w i th :  

C e l l  Type 

F i b r o b l a s t s  

Liver  Cells 

1.0 ug/ml 0 .1  ug/ml 

8.9 - + 3.6 2.0 - + 0.8 

3 . 2  - + 0.4 1.0 - f 0.2 

The binding of BP t o  c e l l u l a r  DNA w a s  determined 24 h r  a f t e r  t rea tment  
w i t h  BP of  l o 7  f i b r o b l a s t s  and 7 x 106 l i v e r  c e l l s  grown i n  10 m l  of medium 
per  100-m P e t r i  d i s h .  For i s o l a t i o n  of t h e  DNA-BP products ,  t h e  t r e a t e d  
cells  were t r y p s i n i z e d ,  washed e x t e n s i v e l y  wi th  phosphate-buffered s a l i n e  
(pH 7 . 4 ) ,  and then  lysed  i n  b u f f e r  conta in ing  10 mM Tris-EDTA, 10  TIIM N a C 1 ,  
and 1% SDS (pH 7.4).  
of d i s t i l l e d  phenol,  once w i t h  a n  equa l  volume of 1 p a r t  phenol t o  1 p a r t  
chloroform-isoamyl a l c o h o l  (v /v  24:1),  and a f u r t h e r  t h r e e  t i m e s  wi th  
chloroform-isoamyl a l coho l  (24:1) ,  r e s u l t i n g  i n  a clear i n t e r f a c e .  The 
nuc le i c  a c i d s  were p r e c i p i t a t e d  from t h e  aqueous phase wi th  2.5 volumes 
of abso lu t e  e thano l  and c e n t r i f u g e d  a t  1000 g f o r  10 min a t  4°C. 
p r e c i p i t a t e  w a s  d i s so lved  i n  0 . 1  SSC (0.015 M NaC1-0.0015 ?I sodium c i t r a t e ) ,  
and t h e  RNA w a s  d iges t ed  w i t h  50 U r ibonuclease  A / m l  f o r  40 min a t  37°C. 
Phenol and chloroform e x t r a c t i o n s  were repea ted  as descr ibed  above, and t h e  
DNA w a s  p r e c i p i t a t e d  w i t h  2 .5  volumes of abso lu t e  e thano l  i n  t h e  presence 
of 0 . 1  M N a C 1 .  The p r e c i p i t a t e  w a s  d i sso lved  i n  H20, and t h e  DNA w a s  
determined q u a n t i t a t i v e l y  by absorbance a t  260 urn. The r a t i o  of absorbance 
a t  260 um t o  t h a t  a t  280 pm w a s  1.95 0.05. The BP bound t o  DNA was 
determined by d i s s o l v i n g  an  a l i q u o t  i n  s c i n t i l l a t i o n  s o l u t i o n  and count- 
ing t h e  samples i n  a Tri-Carb l i q u i d  s c i n t i l l a t i o n  spectrometer .  Both 14C- 
l abe led  BP (62.3 mCi/mmol) and 3H-labeled BP (4.4 Ci/mmol) were used i n  the  
binding s t u d i e s .  

The l y s a t e s  were ex t r ac t ed  twice wi th  an  equal  volume 

The 
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7 .  y -Glutamyl t r anspep t idase  and malignant t ransformat ion  of cu l tu red  

l i v e r  c e l l s .  

I n  v i t r o  mammalian c e l l  c u l t u r e  systems a r e  use fu l  f o r  s tudying  t h e  -- 
mechanism of chemical carc inogenes is  as w e l l  as f o r  i d e n t i f y i n g  p o t e n t i a l  

carcinogens i n  our  environment. I n  such experiments ,  t h e  d e t e c t i o n  of 

malignant c e l l  t ransformat ion  i s  s tud ied  f r e q u e n t l y  i n  f i b r o b l a s t s ,  even 

though t h e  most p reva len t  human tumors a re  der ived  from e p i t h e l i a l  c e l l  

o r i g i n .  

v a t i o n  and because only a few rep roduc ib le  and o b j e c t i v e  c r i t e r i a  are 

a v a i l a b l e  f o r  p r e d i c t i n g  tumor igenic i ty  i n  cu l tu red  e p i t h e l i a l  c e l l s .  

The f i b r o b l a s t s  are used mainly because of t h e i r  ease of c u l t i -  

y-Glutamyl t r anspep t idase  (GGT), a n  enzyme presumably involved i n  t h e  

t r a n s p o r t  o f  n e u t r a l  amino a c i d s  a c r o s s  c e l l  membranes, was found t o  be 

p re sen t  i n  hepatomas and p reneop las t i c  l i ve r  nodules  but  absent  i n  a d u l t  

l i v e r .  It w a s ,  t h e r e f o r e ,  of i n t e r e s t  t o  determine whether t h i s  enzyme 

might a l s o  be r e l a t e d  t o  malignant t r ans fo rma t ion  i n  cu l tured  l i v e r  c e l l s .  

I n  r ecen t  y e a r s ,  a series of methods has  been developed f o r  t h e  i s o l a t i o n  

and long-term maintenance of e p i t h e l i a l  c e l l s  der ived  from l i v e r .  Once 

e s t a b l i s h e d ,  such c e l l s  can be  transformed i n  v i t r o  both  spontzneously 

and by d i f f e r e n t  chemical carcinogens.  GGT a c t i v i t y  w a s  analyzed i n  n i n e  

such c u l t u r e d  e p i t h e l i a l  c e l l  l i n e s  de r ived  from r a t  l i v e r  t o  determine a 

p o s s i b l e  r e l a t i o n s h i p  between t h i s  enzyme a c t i v i t y  and malignant t r a n s f o r -  

mation of l iver  c e l l s  i n  c u l t u r e .  For comparison, e i g h t  d i f f e r e n t  normal 

and transformed hamster and mouse f i b r o b l a s t i c  c e l l  l i n e s ,  which are 

commonly used i n  chemical ca rc inogenes i s  s t u d i e s ,  were a l s o  included.  

The presence  o r  absence of GGT a c t i v i t y  w a s  determined cytochemically.  

GGT a c t i v i t y  w a s  prominent (25 t o  90% of c e l l s )  i n  t h ree  of f i v e  malignant 
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e p i t h e l i a l  l i v e r  c e l l  l i n e s .  None of t h e  fou r  nonmalignant e p i t h e l i a l  c e l l  

l i n e s  exh ib i t ed  GGT a c t i v i t y  (Table 8) .  

These s t u d i e s  i n d i c a t e d  t h a t  t ransformat ion  of c e l l  l i n e s  der ived  from 

r a t  l i v e r  i s  a s s o c i a t e d  wi th  a c q u i s i t i o n  of GGT a c t i v i t y  i n  a cons iderable  

propor t ion  of c e l l  c u l t u r e s .  Nontransfomed and transformed f i b r o b l a s t s  

der ived from hamsters  and mice were uniformly nega t ive  f o r  GGT a c t i v i t y .  

The l i v e r  c e l l  f i n d i n g s  a re  e s p e c i a l l y  noteworthy, i n  v i e w  of observa t ions  

t h a t ,  i n  v ivo ,  most r a t  hepa toce l lu l a r  carcinomas and p reneop las t i c  hepato- 

c e l l u l a r  nodules  are p o s i t i v e  f o r  GGT a c t i v i t y .  

We, t h e r e f o r e ,  sugges t  t h a t  t h i s  s imple s t a i n  f o r  enzymatic a c t i v i t y ,  

i n  conjunct ion  w i t h  o t h e r  c e l l u l a r  markers,  may he lp  i n  i d e n t i f y i n g  tumori- 

genic  c e l l s  i n  e p i t h e l i a l  l i v e r  c u l t u r e s .  
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8. C e l l  S u s c e p t i b i l i t y  of Chinese hamster V79 c e l l s  t o  t h e  c y t o t o x i c  

and mutagenic e f f e c t  of carc inogenic  meta ls .  

Metals are  common contaminants i n  our environment as a r e s u l t  of 

c o a l  combustion, as by-products of a v a r i e t y  of i n d u s t r i e s  and as 

i n g r e d i e n t s  of human and v e t e r i n a r y  medicines.  Epidemiological s t u d i e s  

have impl ica ted  some meta ls  as being carc inogenic  t o  humans. I n  s p i t e  

of t h i s  in format ion ,  w e  have poor knowledge of t h e  poss ib l e  mechanism of 

a c t i o n  of such carc inogenic  metals. We have, t he re fo re ,  s tud ied  t h e  

s u s c e p t i b i l i t y  of  V79 c e l l s  t o  t h e  c y t o t o x i c  and mutagenic e f f e c t  of 

carc inogenic  metals as  w e l l  a s  t h e i r  a b i l i t y  t o  induce c e l l  t r a n s f o r -  

mation i n  normal embryonic hamster ce l l s .  Cell  s u s c e p t i b i l i t y  t o  t h e  

cy to tox ic  e f f e c t  w a s  determined by th ,  a b i l i t y  of t h e  V79 cel ls  t o  form 

c e l l  co lon ie s  a f t e r  pre t rea tment  f o r  4 h r  wi th  d i f f e r e n t  m e t a l  concen- 

t r a t i o n s .  The metals could be  d iv ided  i n t o  four  groups wi th  r e s p e c t  t o  

t h e  Do, a dose t h a t  r e s u l t s  i n  a s u r v i v a l  f r a c t i o n  of 37% colony forming 

ce l l s .  

The second group included only  Na2HAs04 w i t h  a Do of about 0.15 mM. The 

t h i r d  group included CoC12 and N i C 1 2  w i t h  a Do of 0.62 - + 0.2 mM, while  

t h e  fou r thg roup  included B e C 1 2  and M n C l  

One group included CaCr04 and CdC12 wi th  a Do of 13 - + 0.5 VM. 

wi th  a Do of 6 + - 2 mM. 2 
t t u  +6 Mutagenesis by carc inogenic  metals (Be , N i  , and C r  1 ,  as w e l l  

++ as by t h e  noncarcinogenic ones (Mg and Ca*) were t e s t e d  i n  t h e  V79 

c e l l s .  Res is tance  t o  ouabain and 6-thioguanine was used as t h e  gene t i c  

markers.  None of t h e  t e s t e d  metals induce ouabain r e s i s t a n c e .  Induct ion  

of up t o  f i v e f o l d  higher  than t h e  u n t r e a t e d  con t ro l s  was obtained wi th  

6-thioguanine r e s i s t a n c e  a f t e r  treatment w i t h  CaCrO 

o t h e r  carc inogenic  meta ls .  

bu t  n o t  w i t h  t h e  4 

1 0 1 8 1 0 5  
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I n  a d d i t i o n  t o  t h e  above, w e  have t e s t e d  carc inogenic  metals fo r  t h e i r  

a b i l i t y  t o  induce c e l l  t ransformat ion  i n  v i t r o .  Morphological transforma- 

t i o n  w a s  determined a f t e r  t reatment  of secondary golden hamster embryo 

c e l l s  seeded f o r  colony formation on a f eede r  l a y e r  of X-irradiated r a t  

embryo c e l l s .  Transformed colonies  were obta ined  a f t e r  t reatment  with 0.1- 

3 UM of C a C r O  No such morphologically 

transformed co lon ie s  could be  de tec ted  a f t e r  t rea tment  wi th  0.1 - 5 m~ 

B e C 1 2 .  

w i t h  a frequency of up t o  about  1%. 4 

These r e s u l t s  suggest  t h a t  only i n  t h e  case  of C a C r O  can somatic 4 

mutat ion be considered as a poss ib l e  mechanism f o r  i t s  carcinogenic  e f f e c t .  

9 .  Induct ion  of Terminal D i f f e r e n t i a t i o n  i n  Buman Promyelocytic Leukemia 

Cells by Tumor-Promoting Agents. 

Our p re sen t  s t a t e  of knowledge i n d i c a t e s  t h a t  carc inogens is  i s  a mult i -  

s t a g e  process  t h a t  may r e q u i r e  a s t e p  o r  s t e p s  beyond t h e  i n i t i a l  muta t iona l  

event  ( a s  presented  i n  previous p a r t s  of t h i s  r e p o r t ) .  Thus i t  i s  poss ib l e  

t h a t  some environmental  causa t ive  agents  may a c t  a t  t h e  l a te r  s t ages  of t h e  

carc inogenic  process  i n  a mechanism r e l a t e d  t o  tumor promotion. Many tumor 

promoters are devoid of mutagenic a c t i v i t y  and may t h e r e f o r e  a c t  v i a  an 

ep igene t i c  event.  An example of such an event  i s  t h e  process  of d i f f e r e n t i a -  

t i o n .  It i s ,  t h e r e f o r e ,  of i n t e r e s t  t o  s tudy  t h e  e f f e c t  of turnor-promoting 

agen t s  on c e l l  d i f f e r e n t i a t i o n .  

Es tab l i shed  c e l l  l i n e s  wi th  appropr i a t e  markers f o r  c e l l  d i f f e r e n t i a t i o n  

o f f e r  s i m p l e  models f o r  s tudy of t h e  c o n t r o l  of c e l l  growth and d i f f e r e n t i a -  

t i o n ,  These c e l l  c u l t u r e  systems a l s o  a l low t h e  i d e n t i f i c a t i o n  and study 

of t h e  mode of a c t i o n  of chemicals t h a t  may c o n t r o l  c e l l  d i f f e r e n t i a t i o n .  

Phorbol-12-myristate-13-acetate (PMA) and o t h e r  r e l a t e d  phorbol e s t e r s ,  

1 0 1 8 1 C b  
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which are tumor promoters, were recently found to inhibit spontaneous and 

induced cell differentiation in avian myoblasts and in murine erythro- 

leukemia, neuroblastoma, and adipose cells. These experiments suggest 

that tumor-promoting agents may mimic natural cellular agents that are 

involved in the regulation of cell growth and differentiation. Therefore 

it was important to determine whether this class of chemicals can also 

affect cell growth and differentiation in human cells. In view of this, 

we have undertaken to examine the response of human HL-60 promyelocytic 

leukemia cells to a series of different tumor-promoting agents. These 

human cells were used because they display distinct biological and morpho- 

logical commitments towards differentiation. Our studies with the phorbol 

diesters indicated that these tumor-promoting agents can efficiently induce 

terminal differentiation in the HL-60 cells. Differentiation in the HL-60 

was determined by an increase in the percent of myelocytes, metamyelocytes 

and other mature myeloid cells as well as by an increase in the percent of 

phagocytizing cells (Figs. 1 4  and 15). Induction of differentiation could 

be determined after 2 days of treatment with phorbol-12-myristate-13- 

acetate at a dose as low as 6 X 10 M. A correlation was found between -11 

reported tumor-promoting activity of a series of phorbol esters and their 

ability to induce myeloid differentiation and to inhibit cell growth. We 

suggest that tumor-promoting agents 

differentiation at extremely low concentrations in these cells 

an approach to study the control of cell growth, cell differentiation, 

and malignancy in human leukemic cells. 

1 0 1 8 7 0 7  
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10. St imula t ion  of  D i f f e r e n t i a t e d  Funct ions i n  Human Melanoma Cells by  

Tumor-Promoting Agents and Dimethylsulfoxide.  

Our s t u d i e s  wi th  the  promeylocyt ic  leukemia ce l l s  (see chap te r  9)  

imply t h a t  e i t h e r  myeloid leukemia ce l l s  respond d i f f e r e n t l y  from o the r  

ce l l  types  o r  t h a t  some human cel ls ,  i nc lud ing  t h e s e  leukemia ce l l s ,  

respond d i f f e r e n t l y  from m o s t  t e s t e d  mouse and chicken ce l l s  t o  t h e  phorbol 

d i e s t e r s .  I n  view of t h i s ,  i t  w a s  important  t o  determine whether t h i s  c l a s s  

of chemicals could a l s o  induce c e l l  d i f f e r e n t i a t i o n  i n  o t h e r  human c e l l s .  

We examined the  response of human HO melanoma cel ls  t o  a series of tumor- 

promoting agen t s .  

of d i f f e r e n t i a t i o n  (melanin formation)  as w e l l  as a morphological  marker 

(dendr i t e - l i ke  s t r u c t u r e  format ion) .  Both of t h e s e  markers are c h a r a c t e r i s t i c  

of normal d i f f e r e n t i a t i n g  melanocytes.  I n  a d d i t i o n  t o  t h e  tumor-promoting 

agen t s ,  w e  t r e a t e d  HO ce l l s  wi th  dimethyl su l fox ide  (DMSO), which has been 

found to be an e f f i c i e n t  inducer  of d i f f e r e n t i a t i o n  i n  some murine and huma 

ce l l s .  Our s t u d i e s  i n d i c a t e  t h a t  both the  tumor-promoting agen t s  and DMSO 

These melanoma cel ls  o f f e r  a r e a d i l y  q u a n t i f i a b l e  marker 

can e f f i c i e n t l y  s t i m u l a t e  t e rmina l  d i f f e r e n t i a t i o n  i n  t h e  t r e a t e d  melanoma 

cel ls .  

Treatment of t he  HO melanoma cells wi th  phorbo1-12-myristate-13-acetate 

(PMA) a t  ( 5  x 10-1°)-(5 x 

growth and a s t i m u l a t i o n  of d i f f e r e n t i a t e d  func t ions .  These included melanin 

s y n t h e s i s  and formation of d e n d r i t e - l i k e  s t r u c t u r e s .  Higher doses  of phorbol 

d i b u t y r a t e ,  a less p o t e n t  tumor promoter, were r equ i r ed  t o  produce an e f f e c t  

comparable t o  t h a t  of PMA f o r  d e n d r i t e  induct ion .  Phorbol and two o the r  

phorbol  esters which l a c k  tumor-promoting a c t i v i t y  were e i t h e r  i n a c t i v e  o r  

e l i c i t e d  a poor response.  I n  a d d i t i o n  t o  morphological changes,  t reatment  

M r e s u l t e d  i n  a dose r e l a t e d  i n h i b i t i o n  of 
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with  PMA a l t e r e d  glucosamine incropora t ion  i n t o  membrane gang l ios ides .  

Af te r  PMA treatment ,  glucosamine incorpora t ion  increased  8- t o  10-fold i n  

the  GM 

t o  phorbol o r  un t r ea t ed  c o n t r o l .  I n h i b i t i o n  of ce l l  growth and s t imu la t ion  

of melanin syn thes i s  w e r e  a l s o  observed a f t e r  t rea tment  of  t he  HO cel ls  

wi th  DMSO. Unlike the  tumor-promoting agen t s ,  DMSO d id  n o t  induce t h e  

formation of dendr i t e - l i ke  s t r u c t u r e s  i n  the  cel ls .  These f ind ings  i n d i c a t e  

t h a t  s t imu la t ion  of d i f f e r e n t i a t e d  func t ions  can a l s o  be observed i n  HO 

melanoma c e l l s  a f t e r  t rea tment  wi th  tumor-promoting agen t s  such a s  phorbol- 

d i e s t e r s  . 

gangl ios ide  and decreased 2-fold i n  the GM1 gang l ios ide ,  as compared 3 
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Problem Areas 

a) In  order  t o  be a b l e  t o  use  the  cell-mediated mutagenesis assay as a 

s e n s i t i v e  sc reen  f o r  p o t e n t i a l  carcinogens,  t he  performance of the  

carcinogen metabol iz ing  l i v e r  cel ls  has  t o  be improved. The present  

per fus ion  techniques  for ob ta in ing  primary hepatocytes  are not  s u i t a b l e  

enough t o  g ive  a popula t ion  of c e l l s  wi th  an a b i l i t y  t o  a c t i v a t e  some 

classes of chemical carcinogens such as t h e  n i t rosamines  a t  low dose 

leve  1s. 

b) There i s  the  p o s s i b i l i t y  t h a t  humans may e x h i b i t  a c e l l  s u s c e p t i b i l i t y  

t o  some carcinogens which i s  d i f f e r e n t  from t h a t  of rodents ,  due t o  

the  d i f f e r e n c e  i n  carcinogen metabolism and lo r  DNA r e p a i r .  

t he re fo re ,  impor tan t  t o  develop a human cel l -mediated mutagenesis 

assay f o r  s c reen ing  of chemicals hazardous t o  humans. 

Although some types  of mammalian DNA r e p a i r  a f t e r  carcinogen i n s u l t s  

are known, t h e i r  exact r e l a t i o n s h i p  t o  c y t o t o x i c i t y  and mutagenicity 

It i s ,  

c) 

is  not  clear.  

d) Severa l  unique b i o l o g i c a l  p r o p e r t i e s  of tumor-promoting phorbol 

esters have been demonstrated i n  cu l tu red  human ce l l s ,  inc luding  

i n h i b i t i o n  of growth and induct ion  of d i f f e r e n t i a t i o n ,  b u t  t he  

s i g n i f i c a n c e  of t h e s e  e f f e c t s  wi th  r e spec t  t o  the  mechanism of 

malignant c e l l  t r ans fo rma t ion  and tumor promotion remains t o  be 

e luc ida ted .  We a l s o  do n o t  understand t h e  r e l a t i o n s h i p  between the  

effect  of tumor-promoting agents  on membrane a s s o c i a t e d  funct ions 

and t h e i r  a b i l i t y  t o  induce te rmina l  c e l l  d i f f e r e n t i a t i o n  i n  the 

human cells. 
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B. AGREEMENT WORKS COPE 

1. Induct ion  of  mal ignant  c e l l  t ransformation i n  ce l l s  i n  c u l t u r e  by c h e d c a l  

carcinogens as w e l l  as the  e f f e c t  of  mixtures of chemicals  on c e l l  

t ransformat ion .  

Induct ion  of muta t ions  a t  d i f f e r e n t  gene t i c  l o c i  by chemical carcinogens.  

The endpoin ts  t o  be used are r e s i s t a n c e  t o  ouabain and 8-azaguanine o r  

6-thioguanine and temperature  s e n s i t i v i t y .  

2 .  
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C. TEC'tNICAL SIJMIURY 

It i s  now w e l l  recognized t h a t  our  environment I s  contaminated wi th  many 

unknown hazardous chemicals ,  ~ o m e  of which may be r e spons ib l e  f o r  a 

s i g n i f i c a n t  p ropor t ion  of human cancers .  These carc inogenic  chemicals  

r e p r e s e n t  a f r a c t i o n  of t he  manlnade chemicals which are p resen t  

i n  the  human environment. 

a c c u r a t e  pre-screening methods which are inexpensive r e l a t i v e  to t h e  c u r r e n t  

c- i n  v ivo  test systems.  Mammalian, i n c l u d i n g  human, ce l l  c u l t u r e  systems 

are extremely u s e f u l  f o r  such purposes .  

i n t roduce  c e l l  c u l t u r e  systems which may be u s e f u l  f o r  t h e  sc reen ing  of chemicals  

t h a t  i n i t i a t e  or promote tumor format ion .  

i n  t h e  e l u c i d a t i o n  of t h e  mode of  a c t i o n  of such p o t e n t i a l l y  hazardous 

ciiemicals . 

It is  t h e r e f o r e  important  t o  develop f a s t  and 

In t h e  p r e s e n t  proposa l ,  we s h a l l  

These systems may a l s o  be  h e l p f u l  

Our proposed exper iments  w i l l ,  t h e r e f o r e ,  be concerned wi th  the :  

2. 

3. 

4 .  

5 .  

Improvement of t he  performance of t he  l i v e r  cel l -mediated mutagenesis 

assay .  

I s o l a t i o n  of mutagen-resis tant  cells  f o r  mutagenesis and DNA 

repair  s t u d i e s .  

U s e  of human cells i n  mutagenesis  s t u d i e s .  

Induct ion  of d i f f e r e n t  markers of d i f f e r e n t i a t i o n  i n  human malignant 

cells by tumor promoting agents .  

A l t e r a t i o n s  i n  l i p i d  b i o s y n t h e s i s  i n  d i f f e r e n t i a t i n g  human tumor 

cells. 
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D. ANNUAL REPORT SUMMARY 

a )  S c i e n t i f i c  Progress  

We have, i n  the  l a s t  couple of yea r s ,  developed a cel l -mediated 

mutagenesis assay f o r  t e s t i n g  the  mutagenic e f f e c t  of chemical carcinogens.  

In  t h i s  assay, Chinese hamster V79 ce l l s ,  which do n o t  e x h i b i t  mixed 

func t ion  oxidase a c t i v i t i e s  and t h e r e f o r e  do n o t  a c t i v a t e  many chemical 

carcinogens,  are co-cul t iva ted  wi th  non-dividing cel ls  - namely primary 

hepatocytes  or X-irradiated f i b r o b l a s t s  t h a t  con ta in  the  enzymes requi red  

f o r  metabol ic  a c t i v a t i o n .  Using t h i s  cel l -mediated mutagenesis system, i t  

w a s  poss ib l e  t o  demonstrate a r e l a t i o n s h i p  between ca rc inogen ic i ty  and 

mutagenici ty  f o r p o l y c y c l i c  hydrocarbons,  n i t rosamines  and a f l a t o x i n s ,  t o  

i d e n t i f y  the  mutagenic me tabo l i t e s  of benzo(a)pyrene,  benz(a)anthracene 

and 7,12-dimethylbenz(a)anthracene, and t o  show t h a t  the  metabol ic  a c t i v a t i o n  

of carcinogens t o  mutagens is  c e l l  s p e c i f i c .  

However, many of t he  short- term as says ,  i nc lud ing  t h i s  mammalian c e l l -  

mediated mutagenesis assay ,  are designed t o  d e t e c t  carcinogens-mutagens, and 

t h e r e f o r e ,  a r e  n o t  s u i t a b l e  f o r  s tudying  promoting agents,many of which 

are devoid of mutagenic a c t i v i t y .  

event  i n  a process  resembling c e l l  d i f f e r e n t i a t i o n .  Indeed, our  

s t u d i e s  wi th  human myeloid leukemia and melanoma cel ls  i n d i c a t e  t h a t  

tumor-promoting phorbol esters are capable  of inducing  d i f f e r e n t i a t i o n .  

Induct ion  of d i f f e r e n t i a t i o n  i n  these  ce l l s  w a s  d i r e c t l y  r e l a t e d  t o  the  

tumor promoting a c t i v i t y  of a series of phorbol  esters. Thus, t hese  c e l l  

systems may he lp  i n  i d e n t i f y i n g  p o t e n t i a l  hazardous chemicals and al low the  

s tudy of promotion, c o n t r o l  of ce l l  growth, d i f f e r e n t i a t i o n  and malignancy. 

Tumor promoters may a c t  via an ep igene t i c  



5 

Another approach t o  s tudying  the  mechanism of chemical carc inogenes is  

i s  by us ing  -- i n  v i t r o  mal ignant  c e l l  t ransformat ion  assays. 

is s tud ied  f r e q u e n t l y  i n  f i b r o b l a s t s ,  even though the  most p reva len t  human 

tumors are de r ived  from e p i t h e l i a l  c e l l  o r i g i n .  The f i b r o b l a s t s  are used 

mainly because only a few rep roduc ib le  and o b j e c t i v e  c r i te r ia  are a v a i l a b l e  

f o r  p r e d i c t i n g  tumor igenic i ty  i n  cu l tu red  e p i t h e l i a l  c e l l s .  

C e l l  t ransformation 

Our s t u d i e s  i n d i c a t e d  t h a t  t ransformat ion  o f  c e l l  l i n e s  de r ived  from 

r a t  l i v e r  i s ,  i n  many cases, a s s o c i a t e d  wi th  the  a c q u i s i t i o n  of y-glutamyl 

t r anspep t idase  (GGT) a c t i v i t y ,  as measured by a simple s t a i n i n g  procedure.  

It is ,  t h e r e f o r e ,  p o s s i b l e  t h a t  by us ing  t h i s  s imple s t a i n  f o r  GGT 

a c t i v i t y ,  i n  conjunct ion  wi th  o t h e r  c e l l u l a r  markers, t o  i d e n t i f y  tumorigenic 

c e l l s  i n  e p i t h e l i a l  l iver  c e l l  c u l t u r e s ,  a f t e r  t rea tment  witn chemical 

carcinogens.  
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b) Problem Areas 

1) I n  order  t o  be a b l e  t o  use t h e  cel l -mediated mutagenesis assay as a 

s e n s i t i v e  screen  f o r  p o t e n t i a l  carc inogens ,  the  performance of t h e  

carcinogen metabol iz ing  liver cel ls  has  t o  be improved. The p resen t  

per fus ion  techniques f o r  o b t a i n i n g  primary hepatocytes  are n o t  s u i t a b l e  

enough t o  give a popu la t ion  of cel ls  wi th  an a b i l i t y  t o  a c t i v a t e  some 

classes of chemical carc inogens  such as the  ni t rosamines a t  low dose 

l eve  Is . 
There i s  the  p o s s i b i l i t y  t h a t  humans may e x h i b i t  a c e l l  s u s c e p t i b i l i t y  

t o  some carcinogens which is d i f f e r e n t  from t h a t  of roden t s ,  due t o  

the  d i f f e rence  i n  carcinogen metabolism and/or DNA repair .  

theref  o re ,  important  t o  develop a human cell-mediated mutagenesis 

assay f o r  the  sc reen ing  of chemicals hazardous t o  humans. 

Although some types of mammalian DNA r e p a i r  following carcinogen i n s u l t s  

a r e  known, t h e i r  e x a c t  r e l a t i o n s h i p  t o  c y t o t o x i c i t y  and mutagenici ty  

i s  n o t  clear. 

2 )  

It i s ,  

3) 

4 )  Severa l  unique b i o l o g i c a l  p r o p e r t i e s  of tumor-promoting phorbol  

esters have been demonstrated i n  c u l t u r e d  human c e l l s ,  i nc lud ing  

i n h i b i t i o n  of growth and i n d u c t i o n  of d i f f e r e n t i a t i o n ,  b u t  t h e  

s i g n i f i c a n c e  of t hese  e f f e c t s  w i th  r e s p e c t  t o  the mechanism of 

malignant c e l l  t r ans fo rma t ion  and tumor promotion remains t o  be 

e luc ida ted .  We also do n o t  understand t h e  r e l a t i o n s h i p  between t h e  

e f f e c t  of tumor-promoting a g e n t s  on membrane-associated func t ions  

and t h e i r  a b i l i t y  t o  induce t e r m i n a l  c e l l  d i f f e r e n t i a t i o n  i n  t h e  

human c e l l s .  
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Carcinogenesis  Tests a t  t h e  C e l l u l a r  Level and Their  Evalua t ion  f o r  the  

Assessment of Occupat ional  Cancer Hazard. E .  C.  V i g l i a n i ,  e d . ,  Fondazione 

Carlo ERBA - Medicina d e l  Lavoro, Milano, p p .  31-47, 1978. 
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C . INTRODUCTIO14 

Medical observations and retrospective epidemiological surveys as well 

as experiments on animals provide evidence that some man-made and natural 

chemicals in the environment may be responsible for a significant proportion 

of human cancers (Higginson, 1972). A major concept in carcinogenesis is 

the somatic mutation hypothesis which implies that malignancy is the 

consequence of an alteration in the genetic material of a treated cell. 

hypothesis is supported by the elegant experiments of the Millers which 

indicated that electrophylic metabolites are generated from many chemical carcino- 

gens by the action of nixed function oxidases. These reactive intermediates 

are capable of binding to cellular macromolecules, including DNA, to presumably 

initiate a mutagenic and/or carcinogenic event (Miller and 

Miller, 1974; Miller, 1978). 

This 

Based on these and other studies, it was possible, by determining 

mutagenic acitivity, to devise simple in vitro systems for the identification 

of potential chemical carcinogens. Recently, Ames and his associates have 

developed a simple assay for testing mutagenicity by chemical carcinogens using 

their Salmonella typhimurium as the target organism for mutagenesis and liver 

honogenates for carcinogen activation (Ames et al., 1973; McCann et al., 1975). 

Based on a consistent finding that the majority of the tested carcinogens were 

mutagenic, Ames has proposed that the assay be used to screen potentially 

hazardous compounds (McCann, et al., 1975). However, liver subcellular frac- 

tions readily activate a wide spectrum of compounds into potent mutagens in- 

cluding those which are not necessarily carcinogenic for the liver. In addi- 

tion, subcellular preparations differ from intact cells in the profile of the 

metabolites and DNA adducts formed after metabolism of various potent carcino- 

gens such as aflatoxin B benzo(a)pyrene and 7,12-dimethylbenz(a)anthracene 

(Newbold, et al., 1977; Selkirk, 1977; Decad, et al., 1977; Bigger, et al., 1978). 

1’ 
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To circumvent t h e s e  d i f f i c u l t i e s  we have devised a system of mammalian 

cell-mediated mutagenesis  (Hubennan, 1974,1975, 1976, 1977; HuLerman and 

Sachs,  1974, 1976; Langenbach, e t  a l . ,  1978a, 1978b).  I n  t h i s  assay ,  Chinese 

hamster V79 o r  Chinese hamster ovary (CHO) c e l l s ,  which do no t  e x h i b i t  mixed 

func t ion  oxidase  ac t iv i t ies  and therefore  do n o t  a c t i v a t e  many chemical 

carcinogens,  are co -cu l t iva t ed  with non-dividing ce l l s  - namely p r i m a r y  

hepatocytes  o r  X- i r rad ia ted  f i b r o b l a s t s  t h a t  coritain t h e  enzymes required 

f o r  metabol ic  a c t i v a t i o n .  Using ch is  cel l -mediated mutagenesis  system, i t  

was poss ib l e  t o  demonstrate  a r e l a t i o n s h i p  between ca rc inogen ic i ty  and 

mutagenici ty  by polycgcl5.c hydrocarbons (Huberman and Sachs,  1976) and t o  

skow t h a t  metabol ic  a c t i v a t i o n  of carcinogens t o  mutagens i s  ce l l  s p e c i f i c  

(Langenbach, e t  a l . ,  1978b).  Therefore,  s tudying  t h e  mutagenici ty  of 

chemical carcinogens i n  mammalian cells  nay: 

(1) he lp  e l u c i d a t e  the  mechanism f o r  mal ignant  t ransformat ion ,  

( 2 )  be p r e d i c t i v e  of carcinogenic  p o t e n t i a l ,  

( 3 )  be i n d i c a t i v e  of t h e  organ s p e c i f i c i t y  of a carcinogen and 

( 4 )  i n d i c a t e  the  magnitude o f  p o t e n t i a l  t h r e a t  t o  human h e a l t h  posed 

by a p a r t i c u l a r  chemical.  

However, our  p r e s e n t  s t a t e  of knowledge i n d i c a t e s  t h a t  carcinogenesis  

i s  a mult i -s tage p rocess  (Foulds,  1969) t h a t  may r e q u i r e  a s t e p ( s )  beyond 

the  i n i t i a l  mu ta t iona l  even t .  Tnus, i t  i s  p o s s i b l e  t h a t  many environmental 

causa t ive  agents  may ac t  a t  the  l a t e r  s t a g e s  of the  carc inogenic  process i n  

a mechanism r e l a t e d  t o  tumor promotion (Berenblum, 1954) .  A tumor promoter 

i s  a co-carcinogen t h a t  i s  e f f e c t i v e  only when adminis te red  f requent ly  af ter  

an i n i t i a l  t rea tment  w i t h  a low dose of a carcinogen-mutagen and not  when the  

sequence i s  reversed  (Boutwell ,  1974; Hecker, 1975, 1978; Van Duuren, 1969; 

Weinstein,  e t  a l . ,  1977) .  Since c e r t a i n  i n i t i a t i n g  agen t s  are presumably 

ubiqui tous i n  the environment,  the r a t e - l i m i t i n g  de te rminants  i n  cancer 

1 0 1 8 - 1 3 5  
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causa t ion  i n  humans may be exposure t o  tumor promoters and o t h e r  co-carcino- 

gens.  Indeed, t he re  are sugges t ions  t h a t  tumor promotion is t h e  rate- 

l i m i t i n g  s t e p  i n  the  development of numan lung cancers  which are a s s o c i a t e d  

w i t h  c i g a r e t t e  smoking. There i s  ev idence ,  f o r  example, t h a t  c i g a r e t t e  smoke 

condensates  conta in  tumor promoters and t h a t  the tobacco l e a f  c o n t a i n s  a 

compound which resembles the  phorbol  esters which are known t o  be classical 

tumor-promoting agents  i n  the mouse s k i n  two-stage model (Weinstein,  1978).  

Recent s t u d i e s  suggest  t h a t  compounds such as sacchar in  and some b a r b i t u r a t e s  

may a c t  as tumor-promoters i n  exper imenta l  bladder  and l i v e r  cancer ,  

r e s p e c t i v e l y  (Hicks,  e t  a l . ,  1978; Pera ino ,  e t  a l . ,  1978) .  

I n  view of t h e s e  fac ts ,  i t  i s  important  both t o  e l u c i d a t e  t h e  mode of 

a c t i o n  and t o  i d e n t i f y  environmental  chemicals which may a c t  as tumor 

promoters. 

and t o  i d e n t i f y  such chemicals are bo th  time-consuming and r e q u i r e  l a r g e  

numbers of experimental  animals.  

s u b s t i t u t e  o r  supplement such exper imenta l  animal sys t ems  wi th  s imple in 
v i t r o  c e l l  systems. 

Salmonella typhimurium-S9 tests and t h e  mammalian cell-mediated 

mutagenesis assay (McCann, e t  a l . ,  1975; Huberman and Sachs, 1974) are 

designed t o  d e t e c t  carcinogens-mutagens and, t he re fo re ,  are no t  s u i t a b l e  f o r  

s tudying  promoting agents  of which many are devoid of mutagenic a c t i v i t y .  

Tumor promoters a c t  most l i k e l y  via an ep igene t i c  e v e n t  An example 

of such an event  i s  t h e  d i s tu rbance  of  t e rmina l  c e l l  d i f f e r e n t i a t i o n  

suggested yea r s  ago Dy Berenblum (1954, 1969) .  Indeed, i n  a series 

of  pub l i ca t ions  from the  l a b o r a t o r i e s  of Hol tzer ,  Diamond, and Weinstein,  

i t  w a s  shown t h a t  tumor promoters such as t h e  phorbol d i e s t e r s  can i n h i b i t  

t e rmina l  d i f f e r e n t i a t i o n  i n  a number of murine and av ian  c e l l s .  These 

A t  t he  present  t i m e ,  t h e  i n  v ivo  t e s t s  which can be used t o  s tudy -- 

It would, t he re fo re ,  be of importance t o  

However, many of t h e  short-term as says  inc lud ing  Ames' 
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i nc lude  myogenesis, chondrogenesis,  and melanogenesis as w e l l  as e r y t h r o i d ,  

and n e u r i t e  d i f f e r e n t i a t i o n  (Cohen e t  a 1  1977; Rovera e t  a1  1977; Yamasaki 

e t  a1 1977; Diamond e t  a l . ,  1977; P a c i f i c i  and Ho l t ze r ,  1977; Lshi i  et a1 -- ’ -- ’ 
1978; and Mufson e t  a l . ,  1978).  However, s t u d i e s  wi th  human myeloid leukemia 

and melanoma cel ls  ind ica t ed  t h a t  t h e  tumor-promoting phorbol esters 

induce r a t h e r  than i n h i b i t  d i f f e r e n t i a t i o n .  Induc t ion  of d i f f e r e n t i a t i o n  

i n  these  cells w a s  d i r e c t l y  r e l a t e d  t o  the  tumor promoting a c t i v i t y  of a 

series of phorbol esters (Huberman and Callaham, 1979; Huberman e t  a l . ,  1979; 

Rovera e t  a l . ,  1 9 7 9 ) .  These r e s u l t s  implied t h a t  tumor-promoting phorbol 

d i e s t e r s  may a c t  i n  some c e l l  types as promoters of t he  malignant phenotype 

whi le  i n  o the r  c e l l  types ( inc lud ing  some human myeloid leukemia and melanoma 

c e l l s )  they may suppress  t h i s  phenotype. I n  view of t h i s ,  i t  i s  important 

t o  s tudy the  e f f e c t  of tumor promoters i n  such human c e l l  c u l t u r e  systems 

s i n c e  they may be h e l p f u l  i n  understanding Promotion as Well as the  

c o n t r o l  of c e l l  growth, c e l l  d i f f e r e n t i a t i o n  and malignancy i n  human c e l l s .  

TJith the  present  proposal ,  w e  i n t e n d  tak ing  advantage of our developed c e l l  

c u l t u r e  systems f o r  t e s t i n g  mutagenesis and i n d u c t i o n  of c e l l  d i f f e r e n t i a t i o n ,  

i n  o rde r  t o  expand our b a s i c  knowledge of t h e  c e l l u l a r  and biochemical 

e f f e c t s  of chemicals t h a t  i n i t i a t e  and/or  promote tumors. 

-’ ’ -’ ’ 
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D. TECIINICAL SUMNARY 

I t  i s  now w e l l  recognized t h a t  our  environment i s  contaminated wi th  many 

unknown hazardous chemicals ,  some of which may be  r e s p o n s i b l e  f o r  a 

s i g n i f i c a n t  p ropor t ion  of human cancers .  

r ep resen t  a f r a c t i o n  of the man-made chemicals which are p r e s e n t  

in t he  human environment.  

a c c u r a t e  pre-screening methods which are inexpensive r e l a t i v e  t o  t h e  cu r ren t  

i n  v ivo  tes t  systems. Mammalian, i nc lud ing  human, c e l l  c u l t u r e  systems 

are extremely u s e f u l  f o r  such purposes. 

in t roduce  c e l l  c u l t u r e  systems which may be u s e f u l  f o r  t h e  sc reen ing  of chemicals 

t h a t  i n i t i a t e  o r  promote tumor formation.  

i n  t h e  e l u c i d a t i o n  of t h e  mode of a c t i o n  of  such p o t e n t i a l l y  hazardous 

chemicals . 

These ca rc inogen ic  chemicals 

It i s  t h e r e f o r e  important  t o  develop f a s t  and 

-- 
I n  t h e  p r e s e n t  proposa l ,  w e  s h a l l  

These systems may a l s o  be h e l p f u l  

Our proposed experiments  w i l l ,  t h e r e f o r e ,  be concerned wi th  the :  

1. Improvement of t h e  performance of t h e  l i v e r  cel l -mediated mutagenesis 

a s say .  

I s o l a t i o n  of mutagen-resis tant  cel ls  f o r  mutagenesis and DNA 

r e p a i r  s t u d i e s  . 
2.  

3 .  Use of human cel ls  i n  mutagenesis s t u d i e s .  

4 .  Induct ion  of d i f f e r e n t  markers of d i f f e r e n t i a t i o n  i n  human malignant 

cel ls  by tumor promoting agents .  

5. A l t e r a t i o n s  i n  l i p i d  b iosyn thes i s  i n  d i f f e r e n t i a t i n g  human tumor 

cel ls .  
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1) Improvement of t h e  per formance  of t h e  l i v e r  ce l l -media ted  mutagenes is  a s s a y  

Chemical c a r c i n o g e n s  are c a p a b l e  o f  b i n d i n g  t o  t h e  DNA of  s u s c e p t i b l e  

mammalian c e l l s  ( M i l l e r  and Miller, 1966; Brookes and Lawley, 1964; 

Essigman e t  al., 1977; J e f f r e y  e t  a l . ,  1977) and may t h e r e b y  i n d u c e  muta- 

t i o n s ,  some of which c o u l d  i n v o l v e  t h e  genes which c o n t r o l  t h e  e x p r e s s i o n  of 

mal ignant  t r a n s f o r m a t i o n  (Todaro and Huebner, 1972; Temin, 1974; Huberman 

-* e t  a1 ’ 1976) .  T h e r e f o r e , s t u d y i n g  t h e  mutagenic  a c t i v i t y  of carc inogens  i n  

mammalian cel ls  should  p r o v i d e  a n  impor tan t  approach f o r  d e t e c t i n g  cancer-  

c a u s i n g  a g e n t s ,  and p o s s i b l y  f o r  e l u c i d a t i n g  t h e  mechanisms of c a r c i n o g e n e s i s .  

Many c a r c i n o g e n s  are c h e m i c a l l y  n o n - r e a c t i v e  and have t o  b e  e n z y m a t i c a l l y  

a c t i v a t e d  b e f o r e  they can exert t h e i r  b i o l o g i c a l  e f f e c t s  ( M i l l e r ,  1970; 

H e i d e l b e r g e r ,  1975) .  These n o n - r e a c t i v e  carc inogens  are n o t  mutagenic  i n  

microorganisms o r  i n  mammalian ce l l  l i n e s  used f o r  mutagenes is  which cannot  

m e t a b o l i z e  t h e  c a r c i n o g e n  ( C o r b e t t  e t  a l . ,  1970; Miller and Miller, 1971; 

Gelboin e t  a l . ,  1969; Huberman e t  a1 1971) .  I n  such  sys tems,  mutagenesis  

i s  only  e l i c i t e d  by s u p p l y i n g  t h e  chemica l ly  reactive m e t a b o l i t e s  (Huberman 

e t  a l . ,  1971; Ames e t  a l . ,  1972; Huberman e t  a l . ,  1972) o r  a microsomal system 

( h e s  e t  a l . ,  1973; Krahn and H e i d e l b e r g e r  1977; Kuroki e t  a l . ,  1977) which 

-* ’ 

can ac t iva te  chemica l ly  unreactive carc inogens .  However, microsomes o r  

S-9 f r a c t i o n s  are p r e p a r e d  by d i s r u p t i n g  ce l l s  and such  s u b c e l l u l a r  f r a c t i o n s  

may n o t  m e t a b o l i z e  t h e  chemicals as do i n t a c t  ce l l s  ( S e l k i r k ,  1977) .  

T h e r e f o r e ,  a sys tem which u t i l i z e s  v i a b l e  normal mammalian ce l l s  t o  activate 

t h e  chemical  may have a d v a n t a g e s  over  c e l l u l a r  enzyme p r e p a r a t i o n s .  We have 

developed a ce l l -media ted  mutagenes is  sys tem (Huberman and S a c n s ,  1974; 

1976) which u s e s  v a r i o u s  t y p e s  of f i b r o b l a s t s  t o  act ivate  t h e  carc inogen ,  

and mutable  V79 cel ls  which are i n c a p a b l e  of a c t i v a t i n g  most carc inogens .  

Using t h i s  approach ,  a c o r r e l a t i o n  between t h e  mutagenic  a c t i v i t y  and t h e  i n  - 



9 

- vivo  carc inogenic  a c t i v i t y  with po lycyc l i c  hydrocarbons has been achieved 

(Huberman and Sachs,  1976). 

t h e  potency of s e v e r a l  mutagenic me tabo l i t e s  of benzo(a)pyrene (Huberman e t  a l . ,  

1976). tlowever, cu l tu red  f i b r o b l a s t s  are incapab le  of a c t i v a t i n g  many classes 

of chemical  carcinogens,  i nc lud ing  most l i v e r  carcinogens (Magee and Barnes, 

1967; Wogan, 1976). Therefore ,  t o  expand t h e  use  of t he  cell-mediated 

mutagenesis  system and al low s tudy  of l i v e r  carc inogens ,  w e  developed a 

system for co-cul t iva t ingpr imary  l i v e r  ce l l s  and V79 cells.  I n  t h i s  system, 

l i v e r  carcinogens such as the  n i t rosamines  and a f l a t o x i n s ,  were metabolized 

by t h e  l i v e r  c e l l s  t o  in t e rmed ia t e s  which were mutagenic t o  the  V79 c e l l s .  

I n  t h i s  l i v e r  cell-mediated a s say  t h e  n i t rosamines  were metabolized t o  

mutagens more e f f i c i e n t l y  than i n  any o t h e r  mic rob ia l  or mammalian c e l l  

system wnere s u b c e l l u l a r  f r a c t i o n s  were added. However, the po ten t  l i v e r  

carc inogens ,  dimethyl- o r  d ie thyl -n i t rosamines ,  exhi i i i ted a c t i v i t y  i n  the  

mi l l imo la r  range which seemed h igh  when compared wi th  o ther  carcinogen 

c l a s s e s .  The s e n s i t i v i t y  of t he  cel l -mediated a s s a y  i s  determined t o  a l a r g e  

e x t e n t  by the  e f f i c i e n c y  of t he  a c t i v a t i n g  system employed, i n  t h i s  case 

hepa tocyres .  Therefore,  a c a r e f u l  s tudy  of t h e  techniques by which v i a b l e  

hepa tocy te s  may be i s o l a t e d  and t h e  cond i t ions  under which t h i s  v i a b i l i t y  

may be maintained i n  c u l t u r e  may l e a d  t o  t h e  development of h ighly  s e n s i t i v e  

mutagenesis  a s says .  In  order  t o  accomplish t h i s ,  w e  plan t o  tes t  va r ious  

methods f o r  l i v e r  p repa ra t ions  t o  determine t h e  s imples t  and most economic 

means of ob ta in ing  good p repa ra t ions  of v i a b l e  hepa tocytes .  

Furthermore,  t h i s  system has been used t o  q u a n t i f y  

S e v e r a l  techniques have been developed t o  i s o l a t e  p r imary  l i v e r  cel ls  

f o r  growth o r  maintenance i n  c u l t u r e .  One method for obta in ing  f u n c t i o n a l  

hepa tocy te s  from a d u l t  animals i s  based on pe r fus ion  of the l iver  wi th  

co l l agenase  o r  hyaluronidase p lus  co l lagenase .  Williams and h i s  a s s o c i a t e s  
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(1974) r e f i n e d  t h e  co l l agenase  per fus ion  technique t o  t h e  e x t e n t  t h a t  a large 

p o r t i o n  of t h e  hepa tocyte  popula t ion  from an a d u l t  r a t  l i v e r  can be 

i s o l a t e d  as i n d i v i d u a l  v i a b l e  cel ls .  This method was prev ious ly  adopted 

by us t o  b e  used i n  t h e  cel l -mediated assay (Langenbach e t  a1 1978a).  

While methodologies have improved f o r  i s o l a t i n g  l a r g e  numbers of 

-* ’ 

v i a b l e  l i v e r  c e l l s ,  t h e  long-term maintenance of l i v e r  cells  i n  v i t r o  with 

r e t e n t i o n  of  l i v e r  f u n c t i o n s  inc lud ing  e f f i c i e n t  metabolism of n i t rosamines ,  

has  been d i f f i c u l t  t o  achieve .  A number of s t u d i e s  on t h e  expres s ion  of 

l i v e r  func t ion  i n  long term c u l t u r e s  have been r epor t ed  (Coon, 1968; Gann 

-- e t  a1 ’ 1976; Iype ,  1971; Kaighn and P r ince ,  1971; Weinstein e t  a l . ,  1975; 

W i l l i a m s  and Gann, 1974; Bonney e t  a l . ,  1974; Gann e t  a1  1976; Laishes  and 

Wil l iams,  1976).  Tlie presence  i n  t h e  medium of hormones, such as i n s u l i n  

o r  glucagon, has  enhanced t h e  p l a t i n g  e f f i c i e n c y  of hepa tocytes  (Laishes  

and W i l l i a m s ,  1976) , a i d e d  i n  main ta in ing  normal hepa tocyte  u l t r a s t r u c t u r e  

and prolonged glycogen s y n t h e s i s  and hepatocyte  s u r v i v a l  (Bernaer t  e t  al., 

1977; Gerschenson and Casanel lo ,  1968; L e f f e r t  e t  a l . ,  1977).  Long-term 

c u l t u r e  of  l i v e r  c e l l s  w i t h  u l t r a s t r u c t u r a l  c h a r a c t e r i s t i c s  of l i v e r  c e l l s  

i n  vivo and wi th  measurable  l e v e l s  of cytochromes b P-450 and inducib le  

t y r o s i n e  amino t rans fe ra se  was achieved by main ta in ing  cells  on f l o a t i n g  

co l l agen  membranes (Michalopoulos e t  a l . ,  1976; 1978). However, t h i s  method 

may have l i m i t a t i o n s  f o r  mutagenesis s t u d i e s  due t o  shr inkage  of t h e  col lagen 

g e l .  

-- 

-* ’ 

5’ -- 

To f u r t h e r  t he  use of primary l i v e r  c e l l  c u l t u r e s  for mutagenesis 

s t u d i e s ,  w e  are a t  p r e s e n t ,  t e s t i n g  a methodology whereby primary hepatocytes  

can be  maintained i n  c u l t u r e  f o r  long pe r iods  of t i m e .  I n  t h i s  approach, 

primary hepa tocy te s  from a d u l t  r a t  l i v e r  are c u l t u r e d  on a l a y e r  of 
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i r r a d i a t e d  C3H/10T1/2 c e l l s  (Reinwald and Green, 1975) .  The l e v e l  of t h e  

l i v e r - s p e c i f i c  enzyme, t y r o s i n e  aminot ransferase ,  and the  metabolism of t h e  

l i v e r  carcinogen ace ty laminof luorene  t o  water-soluble  products  

than i n  hepa tocytes  maintained i n  the absence of  t h e  C3H/lOT1/2 c e l l s .  

Another approach t o  improve t h e  performance of cu l tu red  primary hepatocytes  

involves  s l i c i n g  of t h e  l i v e r s  w i th  a microtome b lade  followed by d i g e s t i o n  

wi th  co l lagenase  and hya luronidase  i n s t e a d  o f  u s ing  per fused  l i v e r s  (Fry 

e t  a l . ,  1976). 

method s i n c e  i t  i s  r e a d i l y  a p p l i c a b l e  t o  species i n  which l i v e r  per fus ion  

i s  d i f f i c u l t  t o  perform (e .g .  mice) o r  impossible  (e .g .  human b iopsy  samples 

which may n o t  con ta in  a v e s s e l  f o r  pe r fus ion ) .  This  method can a l s o  be 

app l i ed  t o  o t h e r  organs such as thek idney .  Therefore ,  us ing  t h i s  method w e  

may be a b l e  t o  develop an assay  wi th  t h e  capac i ty  t o  s tudy  s p e c i e s  and organ 

d i f f e r e n c e s  i n  the  a c t i v a t i o n  of carcinogens.  Pre l iminary  experiments wi th  

tnese  techniques i n d i c a t e  t h a t  dimethylni t rosamine and d i e thy ln i t rosamine  

can be  a c t i v a t e d  i n t o  mutagens i n  t h e  cell-mediated assay  a t  doses  as low 

as 1 ~114. W e  s h a l l  t r y  t o  improve these  methodologies i n  o rde r  t o  be  a b l e  

t o  test e f f i c i e n t l y  t h e  mutagenic i ty  of a series of n i t ro samines  and o the r  

c l a s s e s  of chemical carc inogens .  For comparison, o t h e r  methodologies such 

as t h e  Ames' Salmonella S-9 assay,  r e q u i r e  doses  as h igh  as 10-100 mM f o r  

op t ima l  d e t e c t i o n  of n i t rosamines .  I n  view of t h i s ,  the new hepatocyte  

mediated mutagenesis a s say  may b e  extremely u s e f u l  f o r  d e t e c t i n g  p o t e n t i a l  

carcinogens i n  t h e  environment.  This assay  may a l s o  al low de termina t ion  o f  

p o t e n t i a l  ca rc inogen ic  p o t e n c i e s  i f  a r e l a t i o n s h i p  between the  degree of 

ca rc inogenes i s  and mutagenesis can be e s t a b l i s h e d .  

a r e  h ighe r  

This  method has  an e x t r a  advantage over t h e  pe r fus ion  

The cel l -mediated mutagenesis  assay w i l l  be performed as fol lows:  
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Chinese hamster V79 or  c e l l s  s u s c e p t i b l e  t o  mutagenesis w i l l  be seeded a t  

3 x LO 

primary hepatocytes  cu l tu red  e i t h e r  d i r e c t l y  onto t he  su r face  of t h e  p l a s t i c  

P e t r i  d i s h  o r  on top  of a l a y e r  of C3H 10T1/2 ce l l s .  Chemicals t o  be t e s t e d  

w i l l  be  added i n  1 m l  of medium 5 h r  l a te r .  

a f t e r  a d d i t i o n  of the  chemical,  t h e  V79 o r  o the r  t a r g e t  c e l l s ,  w i l l  be  d i s s o c i a t e d  

w i t h  trypsin-EDTA, counted wi th  a hemocytometer, and reseeded i n t o  60-m 

P e t r i  d i shes  a t  200 c e l l s / d i s h  f o r  de te rmina t ion  o f  c loning  e f f i c i e n c y ,  

a t  lo5 c e l l s / d i s h  f o r  s e l e c t i o n  of ouaba in - re s i s t an t  co lonies  or  a t  2 x 10 

c e l l s / d i s h  a f t e r  an appropr i a t e  express ion  t i m e  f o r  s e l e c t i o n  of 6-thioguanine 

r e s i s t a n t  co lonies .  The mutation frequency f o r  r e s i s t a n c e  t o  ouabain o r  

6-thioguanine w i l l  be ca l cu la t ed  pe r  lo6 su rv ivo r s ,  based on c loning  

e f f i c i e n c y  and number of c e l l s  seeded f o r  mutation s e l e c t i o n .  

5 ce l l s  i n  4 ml of medium i n  a 60 mm P e t r i  d i s h  toge ther  o r  on top of 

Twenty-four t o  fo r ty -e igh t  hours  

4 
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2.  I s o l a t i o n  o f  mutagen-resis tant  c e l l s  f o r  mutagenesis  and DNA r e p a i r  

s t u d i e s  

Mutant ce l l s  wi th  a l t e r e d  c e l l  s u s c e p t i b i l i t y  t o  t h e  c y t o t o x i c  and 

mutagenic e f f e c t  of chemical carcinogens-mutagens msy be of va lue  i n  

ana lyz ing  t h e  mechanism of r e p a i r  of DNA damage caused by such chemicals.  

I n  a d d i t i o n ,  cel ls  wi th  enhanced s u s c e p t i b i l i t y  t o  mutagenesis  may be extremely 

u s e f u l  i n  improving t h e  s e n s i t i v i t y  of t h e  cell-  o r  microsomal-mediated 

mutagenesis  assay t o  environmental  chemicals.  

There are t h r e e  commonly used methodologies f o r  t h e  i s o l a t i o n  of mutant 

c e l l s .  One i s  t o  a l low mutant c e l l s  which do n o t  r e p l i c a t e  due t o  non- 

permiss ive  c o n d i t i o n s  t o  surv ive  a f t e r  t h e  whole c u l t u r e  has  been t r e a t e d  

wi th  a chemical  t h a t  k i l l s  d iv id ing  c e l l s .  

procedure i s  t h e  i s o l a t i o n  by Kao and Puck (1968, 1971) of auxot rophic  

mutants u s i n g  a procedure which involves  5-bromodeoxyuridine inco rpora t ion  

followed by i r r a d i a t i o n  wi th  v i s i b l e  l i g h t .  Randtke e t  a l .  (1972) 

A t y p i c a l  example of t h i s  

has  a p p l i e d  t h i s  technique  i n  a t t e m p t s  t o  i s o l a t e  UV-sensitive c e l l s  from 

Hela and Chang l i v e r  cel ls .  However, the  i n h e r e n t  l i m i t a t i o n  of t h i s  

technique i s  that  the  mutant c e l l s ,  p a r t i c u l a r l y  those  which are s e n s i t i v e  

t o  the  k i l l i n g  a g e n t ,  do n o t  r e a d i l y  su rv ive  under t h e  non-permissive con- 

d i t i o n s .  I n  a d d i t i o n ,  t h i s  procedure r e q u i r e s  i s o l a t i o n  of a l a r g e  number 

of co lon ie s  s i n c e  these  mutants a r e  small i n  number r e l a t i v e  t o  the  thymidine 

k inase  and t r a n s p o r t  mutants which r e s u l t  from t h e  same s e l e c t i v e  procedure.  

Another procedure is  t h e  r e p l i c a  p l a t i n g  technique ,  l i k e  those  which have 

g r e a t l y  f a c i l i t a t e d  t h e  i s o l a t i o n  of b a c t e r i a l  mutants .  

r e p l i c a  p l a t i n g  methods are a v a i l a b l e  f o r  mamal i an  c e l l s :  r e p l i c a  p l a t i n g  

of c e l l s  growing i n  p a r a l l e l  i n  t h e  wells of mic rop la t e s  (Goldsby and Z i s p e r ,  

1969; Suzuki and Horikawa, 1973, Suzuki e t  a l . ,  1972) and Lederberg s t y l e  

A t  p r e s e n t  two 

0 1 8  3 4 h r e p l i c a  p l a t i n g  u s i n g  aga r  p l a t e  c u l t u r e s  (Kuroki,  1975; Kuroki e t  a 1  1977). -* ’ 
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Materials and Supplies: 

Lncludes cos t  of non-capital equipment, t i s sue  culture (media, sera, 

a n t i b i o t i c s ,  plast icware,  f i l t e r s ,  special glassware, liquid nitrogen, e t c . )  

and substores supplies  (glassware, general chemicals, alcohol ,  surgical g loves ,  

instruments, paper towels, e t c . ) ,  chemicals for enzyme assays,  and l a b e l e d  

substrates .  

Craft Maintenance Service: 

For repair and service  of existing laboratory f a c i l i t i e s  and instruments. 
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A. -F"j-' - I  L E A ; ,  

E/C&<u - . &st . ~ ARCH .'. L b € ! C h o ?  
4 r e r e i n s f t e r  r c f c r r e d  hYEXEAS, -- 

t o  a s  t h e  "Aqenc;?" 3rd t?.e Divis ion of Cancer C A S ~ ~  2r.e Fr+zvcr,ti:n 
(D2CF)r Nat icna l  Cancer I n s t i t u t e  ( r J C I ! ,  Naticr.51 I z s t i t c t e  of Health 
(:JII-!) h e r e i n a f t e r  r e f e r r e d  t o  a s  t h e  "sponsor" ,  d e s i r e  t o  e r , te r  i n t o  
an agreemert t o  enhance our knowletge and understanding of tlie 
i n t e r a c t i o r s  betweer. ckenics l  conpounds which r.ay l e a d  tc adverse 
t o x i c o l o q i c a l  e f f e c t s ,  and; 

I .REFSP.S,  t he  work and se rv ices  t o  be conducted by the  ge& . under 
t h i s  aareerr,er.t w i l l  be r equ i r e  approximately two(2)  years  t o  complete. 

E. OBJECTIVE - Is t o  i n v e s t i g a t e  t h e  b i o l o g i c a l  and biochemical p r o p e r t i e s  
of carc inoqenic  meta ls  i n  czmmalian c e l l s  ir. o rde r  t o  provide in fo rna t ion  
on t h e  mecha!:isms by which meta ls  induce malignancy. 

P!C)b?, T H E E F O P E ,  t n e  p a r t i e s  Eo agree a s  fo l lows:  

ARTICLE 1'1 
QSSCRIPTION OF WORK 

A .  

B. 

SCOPE - The e@&# s h z l l  exe rc i se  i t s  b e s t  e f f o r t s  ZCI perforn t h e  work 
e r v i c e s  h e r e i n a f t e r  s e t  f o r t h  an2 a s  descr ibed  more f a l l y  i n  t h e  

Froposal eFtitlEZ "::aliqnantCell  Trzr.s5cAr.ztiGr., :,:ctacer.esis 

1. Induce malignant c e l l  t ransformat ion  i n  hamster ernkr:;o f i b r o b l a s t s  
by ca rc i cosen ic  metals  and t h e  e f f e c t  of suck r r ~ ~ l s  on c e l l  
t ra r . s ic r?a t ic r .  ~ ~ 3 c c e d  517 ot?,er c l a s s e s  of c ~ . E T : c ~ ~  carcinoqezs . 

2 .  Induct ioz  of mt1taticr.s a t  d i f f e r e n t  g e n e t i c  b y  carcinogenic  
n s t a l s  and t h e i r  e f f e c t  c n  muta t ions  ir,d.xed k y  o the r  c l a s s e s  of 
chemicals carcinogens.  The endpoin ts  t o  D e  u s ~ d  are r e s i s t a n c e  
t o  ouabain and 8-azaguanine o r  6- th ioguanine  ar,d temperature 
s e n s i t i v i t y .  

Human Sub jec t s  - I t  i s  hereby understood and agreed t h a t  research 

and t h a t  no m a t e r i a l  deve lmed l o d i f i e d ,  or de l ive red  by or  t o  
ubsequent modification 

of such r a t e r i a l ,  ,&.ill be used by t h e  or made ava i l ab le  
t h e  C-cvernnent under t h i s  

b y  him f o r  use by anyone o the r  than t h e  Government, for experimental  
or therapeGtic  use on humans without  t h e  p r i o r  w r i t t e n  zFproval of 
t h e  Contract ing O f f i c e r .  

involving human s u b j e c t s  s h a l l  not  be conducted under t h i c  awe- - - d 6 u e M m T  
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SPEC I A  t ? R 3  VIS IONS 
I 1 

i. 

Category  - 

Sc i c n t  i f  i c  
Other Technical 

1 . 5  
1.0 

use h i s  t e s t  e f f o r t s  t o  acccr.Flis!: ,Q&L- _wtb.L -".-- - -  2 .  Tte - 
a l l  th,e work ou t l i zed  or  referer-ced abcve. Fis o t l i q a t i c r ,  
w i l l  be deemed ccr .5lete  i f  t he  work i s  perfcrmed ir. 
accordance w i t h  k4iq7:7 s tandar2s  of s c i e n t i f i c  an6 Frofess icna l  
s k i l l  and  the ap1:rzxinate le.Jel of  e f f c r t  has  been diligen:?y 
apF l i e2 ;  e x c e r t ,  ho*A-ever, a l l  o ther  requi rements  nust be met 
inc luding  deliver:; of r epor t s  and m a t e r i a l s  a s  may be requi re5  
under t h e  Interaqency Agreement. 

ARTICLE I11 
FZF.ICG CIF PEFJF0R.:ANCE 

Perfom.ance of  t h i s  Interagency Agreement s h a l l  beqin on 
and s k d i  not exten:! beyond , un les s  tne  
per iod  i s  exten2ed by amenchezt of t h e  In te ragency  Aqrcement. 

A .  ZstrT.ated Cost 

For cerfomcrice of th i s  I r te raqcncy  i-.greemer,t, t h e  3- acirees 
t o  _ca-, re ini jcrsenent  t c  the  i n  t h e  est i rzated ar0ur.t of 
$3?5,Q@9. 

5. Tota l  fcrks c c r r e n t l y  ~ ' - v ~ F l a b l e f o r  r e inbur senen t  and a l l c t t e d  t o  t h i s  
Aqreement i s  S194,GOO . Further  a l l o c a t i c n  of funds hereunder w i l l  
be accomplished a t  the  o9t ion  of t h ?  sponsor ,  depending upon the  
progress  a rd  r e s u l t s  of the  work and s e r v i c e s  rJerformed and cons i s t en t  
with t h e  time t h a t  apprcval to proceed has g ran ted  by the  sponsor.  

C. It i s  es t imated  t h a t  the amount of fun2.s c u r r e n t l y  a l l o t t e d  under 3 
above will cover perfornance €or  the  pe r iod  through 
Septenber 30 ,  1 3 7 7 .  

E W-556 
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5. The ~ k s h a l l  a l s o  sLk,ni t  t o  t h e  s r o r , s c r ' s  P r o j e s t  C f f i c r - r  f o x r ( 4 )  
c o p i e s  o f  a c c m p r e h e n s l v e  anr,?;al an2 final r e p o r t  c?on c c m p l e t i o r .  o f  
t h i s  a g r e e m e n t .  

C. I n  a l l  p u b l i c a t i o n s  r e s u l t i r . 5  fro,:: r e s e a r c h  p e r f o r m e d  ur.der ti-is 
ag reemen t  t h e  zqsmrg s h a l l  acknowledge s u p p o r t  o f  t h e  X C I .  

ARTICLE V I  
PROJECT C F F I C E R  

T h e m e i c e .  r e p r e s e n t i n g  t h e  & -OR f o r  t h e  p u r p o s e  Gf 

t h i  , C r .  V i r q i r , i a  Dcnkel ,  I n  L'itro P rooram,  DCCF, 
N a t i o n a l  Cance r  I n s t i t u t e .  

The P r o j e c t  C f f i c e r  i s  r e s p o r . s i b i e  f o r :  (1) : . l on i to r ing  t h e  -& 
t e c h n i c a l  p r o g r e s s ,  i n c l u d i n g  t h e  s u r v e i l l a n c e  a n 6  a s s e s s m e n t  o f  
_rer fomtance  and  recorrmeneing t o  t h e  C o n t r a c t i n s  O f f i c e r  c h a n g e s  i n  
r e q c i r e m e n t s ;  ( 2 1  i n t e r p r e t i r ' g  scoFe of work;  ( 3 )  p e r f o r m i n g  t e c h n i c a l  

0 rQbVc'0 

e v a l u a t i o n  a s  r e q u i r e d ;  (4) p fc- inq t e c h n i c a l  i n s p e c t i o n s  an4 
a c c e s t a n c e s  r e q u i r e c !  by  t h i s  w a n d  (5) a s s i s t i n g  t h e  
i n  t k e  r e s o l u t i c n  of t e c h n i c a l  problems e n c o u n t e r e d  d u r i n g  perfo-rnance.  
m: -..e - ~ c z t r a c t i r q  - C f f z c e r  i s  r e s s c r . s i k l e  fo r  2 i r e c t i r . c  c r  nesotiztina 
-.._ 2 - 7 ;  r - - r  ,;.a..ges i n  t h e  terr.s o r  cGr .d i t i cns ,  c r  ar.ciir.ts s i r e d  ir, zi.c .-t 

Ti22 i n d i v i d u a l s  c i t e 2  below a r e  key p e r s o n n e l  ard  re n e c e s s a r y  
fcr :?.e s.:ccessful rcrfor-,a:ze of + + - P I  :.:crk urCei- ::lis InteraTcnc::  
.:..qrement. The --G-zcsicr. snch I :e rsonr .e l  t o  t>.E 

per fo rmance  of t h e  work unde r  this- , l a n d  s h a l l  n o t  r e a s s i q n  
or r e m v e  any  of them w i t h o u t  t?,r cor.sent of t h e  C o n t r a c t i n g  O f f i c c r .  

is --,'-*.railable f o r  a s s i g n m e n t  f o r  war?. u n 2 e r  t h e  
s h a l l  i m m e i i a t e l y  n o t i f y  t h e  C o n t r a c t i n g  O f f i c c r  t o  t h a t  e f f e c t  and 
s h a l l ,  s u b j e c t  t o  t h e  a p p r o v a l  of t h e  C o n t r a c t i n g  O f f i c e r  w i t h o c t  follnal 
m o d i f i c a t i o n  t o  t h i s  Asrcement ,  r e p l a c e  s u c h  p e r s o n n e l  w i t h  persome1 
of s u b s t a n t i a l l y  e q u a l  a b i l i t y  and q u a l i f i c a t i c n s .  

Khenever ,  f o r  any  r e a s o n ,  0r.e o r  zore of t h e  

D r .  5 .  Huberman B r o j e c t  Ciirector 
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, 1.J . , , 

OAK RIDGE NATIONAL LABORATORY 
O P E R A T E D  B Y  

UNION CARBIDE CORPORATION 
NUCLEAR DIVISION 

OFFICE OF THE DIRECTOR 

POST OFFICE BOX X 

O A K  RIDGE, TENNESSEE 37830 

December 16,  1976 

U.S. Energy Research and Development 

Oak Ridge Operat ions 
At t en t ion :  Mr. J .  A. Lenhard, D i rec to r  
Research and Technical  Support  Div is ion  
Pos t  Of f i ce  Box E 
Oak Ridge, Tennessee 37830 

Admin is t ra t ion  

Gentlemen : 

Chemical Carcinogenesis  Program Proposal  t o  N C I  

At tached f o r  your review and forwarding t o  J .  L.  Liverman, D i rec to r  of t h e  
Div i s ion  of Biomedical and Environmental Research, ERDA, is a r e sea rch  
proposa l  on "Malignant C e l l  Transformation,  Mutagenesis and I n f i d e l i t y  
During DNA Synthes is  Induced by Carcinogenic Metals" by D r .  E. Huberman, 
Biology Divis ion ,  ORNL. 

This proposal  is  t h e  r e s u l t  of d i scuss ions  between Dr. Virg in ia  Dunkel, N C I ,  
and D r .  Huberman. 

I f  t h i s  proposal  i s  funded, i t  would become p a r t  of In te ragency  Agreement 
40-5-63 (NCI YO1 CP 50200) which has  r ecen t ly  been renewed. The proposal  
is  be ing  submit ted i n  two par t s ,  a "Technical Proposal" and a "Business 
Proposa l .  " 

I f  DBER approves t h i s  proposa l ,  please ask them t o  forward twenty (20) copies  
of t h e  t echn ica l  proposa l  and twenty (20) copies  of t h e  bus iness  p r o p o s a l  t o  
D r .  V i rg in i a  C. Dunkel, Coordina tor ,  I n  Vi t ro  Carcinogenesis  Program, 
Nat iona l  Cancer I n s t i t u t e ,  Landow Building A306 , Bethesda, Maryland 20014. 

I f  you have any ques t ions  concerning any aspec t  of  t h i s  proposa l ,  p l ease  
c o n t a c t  C .  R. Richmond (3-1477). 

S incere ly  yours ,  

Herman Postma 
Di rec to r  

\\ 
\ - 

2 \ :- 5 - ., 

5"-/3@'7,'1 , 

c3 

. '\ a HP:REC:sv \ 
-J Attachment :. : $ y i , :  
-I cc: F. L. Culler C.  R.  Richmond ". 

R. A .  Griesemer J .  B. S t o r e r  - . . . - - .  -r -1: - -- ( l j ; ;&!  p3 

. -  . - . .  _ .  , R. F. Hibbs F i l e s  - Bc. 
W. R. Ragland 



BUSINESS PROPOSAL 

MALIGNANT CELL TRANSFORMATION, MUTAGENESIS AND INFIDELITY 

DURING DNA SYNTHESIS INDUCED BY CARCINOGENIC METALS 

Proposed Addi t ion  t o  

Chemical C a r c i n o g e n e s i s  Component 
Biology D i v i s i o n ,  Oak Ridge N a t i o n a l  L a b o r a t o r y  

( I n t e r a g e n c y  Agreement ERDA No. 40-5-63) 

(NCI Agreement No. Y O 1  CP 50200) 

P r o p o s a l  P e r i o d  J a n u a r y ,  1977 - December, 1977 
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MALIGNANT CELL TRANSFORMATION, MUTAGENESIS AND INFIDELITY 
DURING DNA SYNTHESIS INDUCED BY CARCINOGENIC METALS 

(Huberman) 

FY 1977 Proposal  for 1 2  Months Beginning 1 / 1 / 7 7  

E. Huberman 
Research Assoc ia t e  

T o t a l  Ph.D. 

T o t a l  Technicians 

Di rec t  Cos ts  

1 )  T o t a l  S a l a r i e s  

2) Fr inge  b e n e f i t s  26% 

3) Materials & Suppl ies  

4) Maintenance Material & Shops 

5)  T rave l  

6)  Animals 

7) Glassware Washing 

T o t a l  Direct Costs  

FY 1977 FY 1978 FY 1979 
01  02 03  

- MY $ $ $ 

0.5  
1 . 0  

1 .5  38,000 
- 

2.0 23,000 

3.5 61,000 

15,900 

52,000 

5,300 

2,400 

8,000 

11,000 

3.5 155,600 

66,500 

17,300 

57,200 

5,800 

1,800 

12,000 

8,800 

169,400 

72,500 

18,900 

62,900 

6,400 

1,900 

9,700 

13,100 

185,400 

I n d i r e c t  Cos ts  

8) D iv i s ion  Adminis t ra t ion  26% 15,900 17,300 18,900 
9) Util i t ies 10,200 11,100 12,100 

19) ORNL G 6 A 31% 56,300 61,300 6 7,100 

T o t a l  I n d i r e c t  Cos ts  82,400 89,700 98.100 

GRAND TOTAL COSTS - 3.5 238,000 259,100 283,500 

- Note: Line 2 ,  Fr inge  Bene f i t s  is  26% of  Line  1. Line 8,  Div is ion  Adminis- 
t r a t i o n  is  26% of Line  1. Line  10, ORNL G & A ,  is  31% of t o t a l  of  Lines  1- 
9 and i s  c a l c u l a t e d  i n  conformance w i t h  t h e  Fede ra l  Cost Account Standards 
Board Procedure.  
S a l a r i e s  have been e s c a l a t e d  a t  %9% pe r  y e a r ,  s u p p l i e s  and o t h e r  expenses,  
%lo%. 

Years 02-03 do no t  r e p r e s e n t  any expansion of program. 



Budget Comments: Malignant  C e l l  Transformat ion ,  Mutagenesis  and I n f i d e l i t y  
During DNA S y n t h e s i s  Induced by C a r c i n o g e n i c  Metals 

a.  

b .  

C.  

d. 

e. 

f .  

P e r s o n n e l .  D o c t o r a t e  l e v e l  personnel  and t h e i r  pr imary r e s p o n s i b i l i t i e s  
are : 

E. Huberman - P r i n c i p a l  I n v e s t i g a t o r  

Research  A s s o c i a t e  - T o  b e  appoin ted  

Materials & S u p p l i e s .  I n c l u d e s  c o s t s  of n o n - c a p i t a l  equipment ,  glassware,  
i s o t o p e s ,  media,  serum, and chemicals .  

Maintenance Material & Shops. These services a r e  provided  and charges 
are made as r e q u i r e d  t o  r e p a i r  i n s t r u m e n t s ,  l a b o r a t o r y  f a c i l i t i e s ,  etc.  

Animals. C o s t s  associated w i t h  animal  use are d i s t r i b u t e d  to  t h e  
C e n t r a l  Animal F a c i l i t y  on  a usage b a s i s  i n  terms of mouse cage 
e q u i v a l e n t s .  

Ut i l i t ies .  Cost  of e l e c t r i c i t y ,  h e a t ,  a i r  c o n d i t i o n i n g ,  e t c . ,  i n c l u d i n g  
m o n i t o r i n g  and maintenance of t h e s e  u t i l i t i e s  are charged  on a square 
f o o t  basis .  

T r a v e l .  Domestic - $900 - T o  a t t e n d  s c i e n t i f i c  meet ings  and t o  c o n s u l t  
w i t h  personnel  a t  t h e  N a t i o n a l  Cancer I n s t i t u t e  

a t t e n d e d  c o n s e c u t i v e l y .  

S i x t h  I n t e r n a t i o n a l  P e r u g i a  Cancer Conference, 
June 30-July 5,  1977, P e r u g i a  I t a l y  
I n v i t e d  paper .  

F o r e i g n  - $1500 - I n v i t a t i o n s  a t t a c h e d .  Two Conferences t o  be 

Second I n t e r n a t i o n a l  Conference on Environ- 
mental Mutagens,  J u l y  11-15, 1977, Edinburgh, 
Scot  land  
Co-Chairman of P r i o r i t y  C o n t r i b u t e d  Paper 
s e s s i o n  e n t i t l e d ,  "Metabol ic  A c t i v a t i o n  of 
Mutagens 



PERUOIA QUADRENNIAL INTERNATIONAL CONFERENCES ON CANCER 

THE SIXTH: TUMOURS OF EARLY LIFE IN MAN AND ANIMALS 

CCRUOIA UNIVLR~ITY UCOICAL OCHOOL U T W  JUUC TO 6TH JULV TO?? 

I 1  t h  N o v e m b e r ,  
P r o f .  E .  t l u h e r m a n ,  
D e p a r  tmen t o f  G e n e t i c s  , 
W e i z m a n n  I n s t i t u t e  o f  S c i e n c e ,  
- REHOVOT 

D e a r  P r o E e s s o r  H u b e r m a n ,  

- PERUGI A C A N C E R  CONFERENCE 
3 0 t h  J u n e  t o  5 t h  J u l y ,  1977 

I O # l  

n6nnAnv QIWCSI You may b e  a w a r e  t h a t  t h i s  D i v i s i o n  o f  C a n c e r  R e s e a r c h  h a s  a 
t r a d i t i o n  o f  s p o n s o r i n g  t h e  P e r u g i a  Q u a d r e n n i a l  I n t e r n a t i o n a l  C o n -  
f e r e n c e s  on C a n c e r ,  a n d  t h a t  e a c h  o f  t h e s e  d e a l s  w i t h  a d i f f e r e n t  

,om a s p e c t  o f  t h e  c a n c e r  p r o b l e m .  
THC uonwoLoatoAL 

oc O*mctn I a m ,  a t  t h e  m o m e n t ,  i n  t h e  p r o c e s s  o f  o r g a n i z i n g  t h e  S i x t h  C I L C U R M I .  

C o n f e r e n c e ,  s c h e d u l e d  t o  t a k e  p l a c e  f r o m  30 th  J u n e  t o  5 t h  J u l y ,  
1977, w h i c h  h a s  a s  i t s  t o p i c  

TUMOURS OF EARLY L I F E  IN M A N  A N D  ANIMALS. 

T h e  p r o g r a m m e  w i l l  b e  d r a w n  u p  on  t h e  b r o a d  l i n e s  o f  t h e  p r e -  
l i m i n a r y  b r e a k - d o w n  a t t a c h e d .  

toe* I t  i s  e x p e c t e d  t h a t  s u c h  a p r o g r a m m e  w i l l  b r i n g  t o g e t h e r  h u m -  
TOLCRANCI1 a n  p a t h o l o g i s t s ,  e x p e r i m e n t a l  p a t h o l o g i s t s ,  c l i n i c i a n s ,  p a e d i a t r i -  
IYYUWITV AUO 

~Wo*COQLwrsIa c y t o l o g i s t s ,  g e n e t i -  

t d - y a w , ,  J s h o u l d  
f o f  I m p r o v i n g  

a n d  v ; r o l a g i s t s .  
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I N S T I T U T E  OF PATHOLOOICAL ANATOMY A N D  HISTOLOGY D I V I S I O N  O F  C A N C E R  R E S E A R C H  

P. 0. m. 8 P I  fMt00  PERUOIA, MONT~LUCL (ITALY) 



Second International Conference Edinburgh, July 11-15, 1977 

on ENVIRONMENTAL MUTAGENS 
Putron: H.R.H. The Duke of Edinburgh, K.G., K.T. 

Hon. Resident: Charlotte Auerbach Hon. Vice-Presidents. A. Hollaendcr, I .A. Rapoport, Y. Tazima, K. Sundaram 

DS/JHR 

24 November 1976 

Dr E Huberman 
Biology Division 
Oak Ridge National Laboratory 
Oak Ridge 
Tenneseee 37830 
U S A  

Dear Dr fluberman 

At the Second International Conference on Environmental Mutagens 
next July there will be a Priority Contributed Paper session 
entitled u Metabolic activation of mutagens." 
Chairman of the Programme Committee, Profesbor Sobels, I am 
writing to invite you to act as a co-chairman of thti session. 

On behalf of the 

A 8  an invited contributor you will not be required to pay 
a registration fee. 
be refunded at the Conference by our treasurer. 

If you have already done BO the money will 

Please let me know as soon a6 possible if you are able to accept 
this invitation. 
convenience. 

I enclose a registration form for your 

Yours sincerely 

David Scott PhD 
Secretary of Programme Committee 
(Address below) 

I 
A 
2 

CONFERENCE 0 FFICERS: 
Resident: B.A.Bridger, MRC Cell Mutation Unit, Univerrtiy of Sussex, Brighton, EN1 9QG England 

Secretory General: P. Brookcr, Pollards Wood Research Station, Nightingales Lanc,Chalfont St. Gilts, Bucks. HP8 4SP England 
TrcPrwer: B.].Dtan, Tunstall Laboratory, Shell Research Limited, Sittingbourne Research Centre, Kent ME9 8AG England 

f/mnce Commnree Chobmn: A. Hollaendcr, Aswci~red Univerriticr Inc., Suite 603, 1717 Maruchursctts Avenue, NW, Washington Dc 20036 
Roumrnme Committee Choirmn: F.H.Sobelr, Laboratory of Radiation Genetics and Chemical Mutagenesis, Warrnaarrweg 72, Lciden, Nethalands. 

Loco/ Commitrrr Chuirmn: B. j.Kilbey, Institute for Animal Gencticr, West Mains Road, Edinburgh EH9 3jN Scotland 
Ffop.ornme Cornmifree Secrclory: D.Scott. Pateran La!mratorit.~. Chrirlie Hospitd, Manchestcr M2O 9BX England 



MALIGNANT CELL TRANSFORMATION, MUTAGENESIS AND INFIDELITY 
DURING DNA SYNTHESIS INDUCED BY CARCINOGENIC METALS 

(Huberman) 

FY 1977 Proposal f o r  12 Months Beginning 1/1/77 

E. Huberman 
Research Associate 

Tota l  Ph.D. 

Tota l  Technicians 

Direct Cos ts  

1) Tota l  S a l a r i e s  

2) Fringe Benef i t s  26% 
3) Materials 6 Supplies 

4) Maintenance. Material & Shops 

5) Travel 

6) Animals 

7) Glassware Washing 

Total Direct Costs 

FY 1977 FY 1978 M 1979 
01 02 03 

- m $ $ $ 
0.5 
1.0 

1.5 38,000 
- 

- 2.0 23,000 

3.5 61,000 66,500 72,500 

15,900 17,300 18,900 

52,000 57,200 62,900 

5,300 5,800 6,400 

2,400 1,800 1,900 
8,000 8,800 9,700 

11,000 12,000 13,100 

3.5 155,600 169,400 185,400 
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TECHNICAL PROPOSAL 

MALIGNANT CELL TRANSFORMATION, MUTAGENESIS AND INFIDELITY 

DURING DNA SYNTHESIS INDUCED BY CARCINOGENIC METALS 

Proposed Addition to  

Chemical Carcinogenesis Component 
Biology Div i s ion ,  Oak Ridge National Laboratory 

(Interagency Agreement ERDA No. 40-5-63) 

(NCI Agreement No. YO1 CP 50200) 

Proposal Period January, 1977 - December, 1 9 7 7  
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MALIGNANT CELL TRANSFCRMATION, MUTAGENESIS AND LNFLDELITl 

DURING DNA SYNTHESIS INDUCED BY CARCINOGENIC METALS 

Principal  Investigator: E. Huberman 



- 3- 

I .  INTRODUCTION,  BACKGROUND AND SCOPE: 

Medical o b s e r v a t i o n  as  w e l l  a s  exper iments  on an imals  provide  e v i -  

dence t h a t  some man-made and n a t u r a l  chemica ls  i n  t h e  environment may 

be r e s p o n s i b l e  f o r  a s i g n i f i c a n t  p r o p o r t i o n  of human c a n c e r s  (Higinson,  

1972).  I n  view of t h e  complexi ty  i n  s t u d y i n g  chemical  c a r c i n o g e n e s i s  i n  

whole an imals ,  i t  is u s e f u l  t o  u s e  s imple  mammalian c e l l  c u l t u r e s  f o r  

such s t u d i e s .  Cell  c u l t u r e  sys tems may a l s o  be u s e f u l  f o r  t h e  i d e n t i f i -  

c a t i o n  of p o t e n t i a l  hazardous  chemica ls ,  s i n c e  one must presume t h a t  

t h e r e  are many e n v i r o n m e n t a l  chemica ls  whose p o t e n t i a l  c a r c i n o g e n i c  

hazard has  n o t  y e t  been  e s t a b l i s h e d .  

Malignant t r a n s f o r m a t i o n  of c e l l s  i n  c u l t u r e  h a s  been achieved i n  

e i t h e r  normal cel ls  o r  permanent c e l l  l i n e s  (Berwald and Sachs,  1965; 

Heide lberger ,  1973) .  Using t h e s e  i n  v i t r o  systems i t  w a s  a l s o  e s t a b l i s h -  

ed t h a t  t ransformed c e l l s  are  induced r a t h e r  than  s e l e c t e d  by t h e  car- 

cinogens (Huberman and Sachs,  1966, 1968; Mondal and H e i d e l b e r g e r ,  1970).  

I n  t h e s e  t r a n s f o r m a t i o n  a s s a y s  " c o n t r o l "  f i b r o b l a s t  cells  which have 

an  o r i e n t e d  p a t t e r n  of  c e l l  growth,  a l i m i t e d  l i f e  span i n  v i t r o  and are  

n o t  tumorigenic  i n  v i v o ,  are c o n v e r t e d  a f t e r  c a r c i n o g e n  t r e a t m e n t  i n t o  

cel ls  w i t h  a h e r e d i t a r y  random p a t t e r n  of c e l l  growth, an  a b i l i t y  t o  

grow c o n t i n u o u s l y  i n  c u l t u r e  and t o  form tumors i n  v i v o .  S t u d i e s  wi th  

a v a r i e t y  of chemica l  c a r c i n o g e n s  have shown a c o r r l e a t i o n  between t h e  

frequency of c o l o n i e s  w i t h  a h e r e d i t a b l e  random p a t t e r n  of c e l l  growth 

( t ransformed c o l o n i e s )  and t h e  d e g r e e  of c a r c i n o g e n i c i t y  i n  an imals  

(Berwald and Sachs ,  1965; DiPaolo -- e t  a l . ,  1972; H e i d e l b e r g e r ,  1973) .  

These r e s u l t s  and t h e  o b s e r v a t i o n s  t h a t  c a r c i n o g e n s  bind t o  c e l l u l a r  

macromolecules i n c l u d i n g  DNA (Brookes and Lawley, 1967; Kuroki and 

-- 
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appear  t o  be t ransmi t ted  from t h e  metabol iz ing  c e l l s  and induce mutations 

i n  t h e  V79 o r  CHO c e l l s .  Mutations can be determined w i t h  d i f f e r e n t  

markers t h a t  a f f e c t  the  su r face  membrane ( e .g . ,  ouabain r e s i s t a n c e ) ,  

nuc le i c  a c i d  syn thes i s  ( e . g .  8-azaguanine rcs i s tanLe)  and p ro te in  syn thes i s  

( tempera ture  s e n s i t i v i t y )  (Huberman and Sachs,  1976). 

Using t h i s  marmnalian somatic  c e l l  mutagenesis system we were ab le  

t o  demonstrate a r e l a t i o n s h i p  between c a r c i o g e n i c i t y  and mutagenici ty  

by po lycyc l i c  hydrocarbons having d i f f e r e n t  degrees  of carc inogenic i ty  

(Huberman and Sachs, 1976). I n  a d d i t i o n ,  w e  i d e n t i f i e d  a diol-epoxide 

isomer as a metabolic i n t e rmed ia t e  of benzo(a)pyrene. 

w a s  t h e  major mutagenic me tabo l i t e  i n  t h i s  somatic c e l l  mutagenesis 

a s say  (Huberman et a l . ,  1976).  

This diol-epoxide 

I n  view of these  r e s u l t s ,  mal ignant  c e l l  t ransformation and somatic 

c e l l  mutagenesis sys t ems  should be  u s e f u l  for the i d e n t i f i c a t i o n  of 

hazardous cehmicals as  w e l l  as f o r  s t u d i e s  on t h e i r  mode of a c t i o n .  

Metals are common environmental  contaminants as by-products of in -  

d u s t r y ,  and some are ing red ien t s  of human and ve te r ina ry  medicines.  

Metals, i n  gene ra l ,  have rece ived  comparat ively l i t t l e  experimental  

s tudy  i n  mammalian c e l l  c u l t u r e  systems,  a l though whole animal s t u d i e s  

and epidemiological  da tahave  impl ica ted  some metals as potent  carcino-  

gens (IARC, Publ ica t ions  1 and 2 ) .  The mechanism whereby such metals 

may produce b i o l o g i c a l  e f f e c t s  i nc lud ing  cancer  may be through chela- 

t i o n .  A c h e l a t e  M Y  r e s u l t  from a n  i n t e r a c t i o n  of a metal ion with a 

series of organic molecules which have a t  least two e l ec t ron  r i c h  

f u n c t i o n a l  groups such as C = 0,  C - OH, C - NH2 or C - SH which 

are p resen t  i n  p r o t e i n s  and n u c l e i c  a c i d s  (Fur s t ,  1963). Although 

II 11 I1  11 
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11. TECHNICAL PROPOSAL: 

"his p r o j e c t  a s  planned w i l l  be concerned with t h r e e  a reas  of 

me ta l lo -ce l l  and enzyme i n t e r a c t i o n .  

1. Induct ion  of malignant c e l l  t ransformat ion  by carcinogenic  

metals and t h e i r  e f f e c t  on c e l l  t ransformation induced by o the r  c l a s s e s  

of chemical carc inogens .  

2.  Induct ion  of mutat ions a t  d i f f e r e n t  g e n e t i c  l o c i  by carcino- 

genic  meta ls  and t h e i r  e f f e c t  on mutat ions induced by o the r  c l a s s e s  

of chemical carcinogens.  

3 .  Induct ion  of i n f i d e l i t y  during i n  v i t r o  DNA s y n t h e s i s  by 
-L__ 

chemical carcinogens inc lud ing  carcinogenic  metals. 

1. Induct ion  of malignant c e l l  t ransformation by carc inogenic  metals 

and t h e i r  e f f e c t  on c e l l  t ransformation induced by o ther  classes 

of chemical carcinogens.  

Transformation w i l l  be s tud ied  i n  t h e  well-defined hamster embryo 

f i b r o b l a s t  c u l t u r e  system which has been r o u t i n e l y  used f o r  t e s t i n g  

chemical carcinogens by t h e  p r i n c i p l e  i n v e s t i g a t o r .  

embryos of Golden hamsters  w i l l  s e rve  as a source of normal c e l l s .  

metals w i l l  i nc lude  b e r i l l i m n ,  n i cke l ,  platinum, copper,  s i lver ,  z inc ,  

cadmium, lead ,  a r s e n i c  and selenium. The metals w i l l  be i n  the  form of  

water s o l u b l e  c h l o r i d e ,  and a c e t a t e  sal ts .  Treatment with the  metals 

w i l l  be  performed on spa rce  and conf luent  secondary c u l t u r e s  (growing 

v s .  non-growing ce l l s )  seeded a t  0.5 x 10 6 - 4 x 10 6 c e l l  p e r  50 mm 

Minced h o l e  

The 

1 0 1 8 1 8 4  
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be s e l e c t e d  from a mixed populat ion of normal and transformed ce l l s  

(Huberman and Sachs,  1968; Huberman e t  a l . ,  1968) .  

e. Enchanced a g g l u t i n a b i l i t y  of t he  transformed ce l l s  by t h e  carbo- 

hydra te  binding p r o e t i n  Conconavalin A ( Inbar  e t  a l . ,  1971). 

f .  Tumor product ion a f t e r  c e l l  i nocu la t ion  i n t o  newborn and a d u l t  

Golden hams ter s . 
Transformation s t u d i e s  w i l l  a l s o  be performed a f te r  treatment of 

c e l l s  wi th  a combination of metals and o the r  c l a s s e s  of carcinogens 

such as polycycl ic  hydrocarbons.  Carcinogenic metals may no t  induce 

t ransformation d i r e c t l y  bu t  r a t h e r  enhance t ransformation induced by 

o the r  carcinogens.  I n  a d d i t i o n ,  c y t o t o x i c i t y  s t u d i e s  wi th  carc inogenic  

metals on normal and spontaneously o r  chemical ly  induced tumor cel ls  

w i l l  be performed i n  order  t o  determine whether t h e  transformed cells 

are more r e s i s t a n t  t o  t h e  cy to tox ic  e f f e c t  of these  metals. These 

experiments w i l l  be of importance s i n c e  it is  no t  c l e a r  whether carcino-  

genic metals induce OK select for p r e e x i s t i n g  spontaneously t r a n s f  onned 

cel ls  (Fradkin -- e t  a l . ,  1975) .  

Resul t s  from such experiments w i l l  determine whether carc inogenic  

metals t ransform normal i n t o  malignant c e l l s  d i r e c t l y  o r  by some o ther  

mechanisms. 

1 0 1 8 1 8 5  
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The d i r e c t  mutagenesis a s say  w i l l  be performed as prev ious ly  

desc r ibed  (Huberman e t  a l . ,  1971, 1972, 1976).  B r i e f l y ,  CHO o r  V79 

c e l l s  w i l l  be seeded a t  200 c e l l s  per 50 mm Pe t r i  d i sh  t o  determine 

c lon ing  e f f i c i e n c i e s ,  a t  2 x 10 ce l l s  and 10 c e l l s  per  50 mm Pe t r i  

d i s h  f o r  s e l e c t i o n  of 8-azaguanine and ouaba in - re s i s t an t  mutants,  

r e s p e c t i v e l y .  The metals and o t h e r  mutagens w i l l  be added s e p a r a t e l y  

o r  t oge the r  ( t o  monitor p o t e n t i a t i o n )  a t  d i f f e r e n t  i n t e r v a l s  for t h r e e  

hours  a t  16-18 h r  a f t e r  c e l l  seeding ,  and t h e  medium wi th  t h e  added 

chemical w i l l  then be r ep laced  by f r e s h  medium without t h e  chemicals.  

For s e l e c t i o n  of mutants  a f i n a l  c o n c e n t r a t i o n  of 0.2 mM 8-azaguanine 

or 1 mM ouabain w i l l  b e  added two days a f t e r  t reatment  wi th  t h e  chemicals.  

I n  t h e  experiments wi th  8-azaguanine, t h e  medium w i l l  be rep laced  every 

two days with a medium con ta in ing  f r e s h  0.2 mM 8-azaguanine. 

w i l l  b e  counted a f t e r  s t a i n i n g  wi th  Giemsa a t  6-8 days f o r  c lon ing  

e f f i c i e n c y ,  12-14 days f o r  expres s ion  of 8-azaguanine r e s i s t a n c e  and 

16-18 days f o r  express ion  of ouabain r e s i s t a n c e .  

4 5 

Colonies 

The cell-mediated assay  w i l l  be performed a s  descr ibed  (Huberman, 

1976; Huberman and Sachs,  1974, 1976) .  V79 and CHO-temperature s e n s i t i v e  

c e l l s  w i l l  be seeded a t  3 x 10 ce l l s  i n  4 ml of medium on a l a y e r  of 

l e t h a l l y  i r r a d i a t e d  metabol iz ing c e l l s  and t h e  chemicals w i l l  be  added 

5 

5 h r s  la ter  i n  1 m l  medium. The t r e a t e d  V79 and CHO-temperature 

s e n s i t i v e  c e l l s  w i l l  be incubated f o r  2 and 3 days, r e s p e c t i v e l y .  The 

c u l t u r e s  w i l l  then be  d i s s o c i a t e d  wi th  0 . 2 5 %  t r y p s i n  s o l u t i o n ,  seeded 

a t  200 c e l l s  per  5 0  mm P e t r i  d i s h  f o r  c lon ing  e f f i c i e n c y ,  2 x l o4  c e l l s  

per  50 nrm P e t r i  d i sh  f o r  s e l e c t i o n  of 8-azaguanine r e s i s t a n t  mutants ,  

and 10 c e l l s  per  50 mm P e t r i  d i s h  for s e l e c t i o n  of ouabain o r  tempera- 
5 
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r e s u l t  from t h e i r  i n t e r a c t i o n  with c e l l u l a r  polymerases.  I t  i s  there-  

f o r e  important  t o  s tudy the i n t e r a c t i o n  of t h e s e  carcinogens wi th  

p u r i f i e d  polymerases as  wel l  as polymerases obta ined  from c o n t r o l  and 

carcinogen-treated c e l l s  t o  determine t h e  a l t e r a t i o n  i n  the  a c t i v i t y  

of t h e  carcinogen-treated polymerase. 

Commercial mammalian a ,  B,  and y polymerases as w e l l  as polymerases 

p u r l f i e d  from Golden hamster embryos and ce l l  c u l t u r e s  w i l l  be used i n  

order  t o  determine whether carcinogenic  metals inc luding  [Be ] and 

o the r  classes of carcinogens can induce i n f i d e l i t y  dur ing  DNA syn thes i s .  

For t h e s e  experiments a r t i f i c i a l  templates  such as poly dT oligo dA 

o r  poly dG o l i g o  dC w i l l  be used and the  i n c o r p o r a t i o n  of noncomplemen- 

t a r y  nuc leo t ides  w i l l  be measured. 

a c t i v i t y  of polymerases i s o l a t e d  from ce l l s  t r e a t e d  with d i f f e r e n t  

carcinogens us ing  unt rea ted  as w e l l  as UV and carcinogen a r y l a t e d  

templates.  

i+ 

I n  a d d i t i o n  w e  s h a l l  determine the 

The DNA polymerases w i l l  be  i s o l a t e d  a f t e r  t h e  procedure of Weis- 

bach (Weisbach -- e t  a l . ,  1971; Fry and Weisbach, 1973).  The t r e a t e d  and 

un t r ea t ed  embryos o r  c e l l  c u l t u r e s  w i l l  be  c o l l e c t e d ,  homogenized and/or 

lysed  i n  t h e  appropr i a t e  bu f fe r  conta in ing  g lyce ro l  under reducing con- 

d i t i o n s  by t h e  presence of d i t h i o t h e r i t o l .  Af t e r  removal of c e l l  d e b r i s  

t h e  l y s a t e  o r  homogenate w i l l  be  passed through a DEAE-cellulose column 

and e lu t ed  with [KP04] concent ra t ion  g r a d i e n t .  

c o l l e c t e d  a t  i t s  major a c t i v i t y  area. The a c t i v i t y  peaks of t h e  B and 

y polymerases, which e l u t e  c l o s e  toge the r  w i l l  be c o l l e c t e d  and passed 

through a g e l  f i l t r a t i o n  column. This w i l l  s epa ra t e  both a c t i v i t i e s ,  

so t h a t  t h e  t h r e e  polymerase a c t i v i t i e s  w i l l  be  independent of each o t h e r .  

The a-polymerase wi l l  be 

1 0 1 8 1 8 1  
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1x1. PROPOSED WORK DURING THE FIRST 1 2  MONTHS 

During t h e  f i rs t  twelve months of t h i s  research  p ro jec t  we in tend  

t o  begin t h e  th ree  s e c t i o n s  of t h e  proposa l  us ing  mainly t h r e e  carcinogenic  

metals: bery l l ium,  n i cke l  and c o b a l t .  These metals w i l l  be  t e s t e d  d i r e c t l y  

a8 transforming agents  in c e l l  c u l t u r e  and f o r  t h e i r  e f f e c t  on malignant 

t ransformat ion  induced by o t h e r  carc inogens  such as benzo(a)pyrene, and 

i t s  r e a c t i v e  metabol i te ,  diol-epoxide.  Beryll ium, n i cke l  and cobal t  w i l l  

b e  t e s t e d  f o r  t h e i r  mutagenic e f f e c t  i n  t h e  d i r e c t  assay a s  w e l l  as f o r  

t h e i r  e f f e c t  on t h e  cel l -mediated mutagenesis induced by benzo(a)pyrene. 

The t h i r d  s e c t i o n  w i l l  dea l  w i t h  t h e  i n d u c t i o n  of i n f i d e l i t y  dur ing  DNA 

s y n t h e s i s  by t h e  t h r e e  carc inogenic  m e t a l s  and o the r  carcinogens such as 

n i t rosamides  and r e a c t i v e  forms of ca rc inogen ic  polycycl ic  hydrocarbons 

[e.g.  benzo(a)pyrene d io l -epoxide]  us ing  commerically a v a i l a b l e  polymerases 

(e.g.  c a l f  thymus alpha-polymerase). Misincorporat ion i n t o  s y n t h e t i c  

po lynucleo t ide  by polymerases p rev ious ly  t r e a t e d  with these  carcinogens 

w i l l  b e  inves t iga t ed .  Similar s t u d i e s  w i l l  be  performed using polynucleo- 

t i d e s  methylated by n i t rosoguan id ine  o r  a r y l a t e d  by benzo(a)pyrene d i o l -  

epoxide s i n c e  a r y l a t e d  DNA is be l i eved  t o  b e  involved i n  t h e  genesis  of 

cancer  by chemicals.  
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I V .  RELATIONSHIP TO ONGOING CANCER RESEARCH PROJECTS AT ORNL 

The Carcinogen Metabolism and Chemical C a r c i n o g e n e s i s  Group i n  t h e  

Biology D i v i s i o n  h a s  s e v e r a l  programs s t r o n g l y  committed t o  t h e  s tudy  of 

t h e  mechanism o f  a c t i o n  of chemical  c a r c i n o g e n s .  D r .  J.  K. S e l k i r k ' s  

l a b o r a t o r y  i s  s t u d y i n g  t h e  mechanism o f  a c t i o n  and metabol ism of p o l y c y c l i c  

a r o m a t i c  hydrocarbons ,  t h e  enzyme k i n e t i c s  o f  t h e  aryl  hydrocarbon 

hydroxylase  system, and t h e  i n t e r a c t i o n  o f  noncarc inogenic  and carc inogenic  

isomers  of  benzo(a)pyrene  w i t h  c e l l u l a r  macromolecules.  

p o s s e s s e s  t h e  p e r s o n n e l ,  I n s t r u m e n t a t i o n  and expertise necessary  t o  

a d v i s e  on t h e  a n a l y t i c a l  methods f o r  i s o l a t i n g  and q u a n t i t a t i n g  t h e  

a c t i v a t e d  c a r c i n o g e n  m e t a b o l i t e s .  The l a b o r a t o r y  o f  D r .  T. J. Slaga i s  

committed t o  u n d e r s t a n d i n g  t h e  mechanism o f  phorbol  ester cocarc inogenes is  

i n  m u s e  s k i n  and t h e  e f f e c t s  of  o t h e r  chemica l  c a r c i n o g e n s  and s t e r o i d s  

on s k i n  tumor igenes is .  The l a b o r a t o r y  of D r .  R. W .  Tennant is developing 

t h e  host-mediated a s s a y  f o r  chemical  c a r c i n o g e n e s i s  as developed by D r .  

J.  DiPaolo u s i n g  chemica l  c a r c i n o g e n s  which are i n j e c t e d  i n t o  pregnant 

female h a m s t e r s ,  t h e n  c e l l  c u l t u r e s  are  p r e p a r e d  from t h e  embryos and 

s c o r e d  f o r  format ion  of  m a l i g n a n t l y  t ransformed c o l o n i e s .  I n  a d d i t i o n ,  

there I s  a l o n g  s t a n d i n g  r e s e a r c h  program under t h e  d i r e c t i o n  of  D r .  Paul  

Net tesheim,  R e s p i r a t o r y  Carc inogenes is  Group, which s t u d i e s  t h e  i n t e r a c t i o n  

of  chemical  c a r c i n o g e n s  i n  t h e  r e s p i r a t o r y  t r a c t  of r o d e n t s  and is  

c u r r e n t l y  u t i l i z i n g  b o t h  i n  v i v o  and i n  v i t r o  models t o  s t u d y  t h e  i n t e r -  

a c t i o n  of chemical  c a r c i n o g e n s  w i t h  r e s p i r a t o r y  e p i t h e l i a l  c e l l s  and 

t i s s u e s  and t h e i r  p r o g r e s s i o n  from i n i t i a t i o n  t o  f r a n k  malignancy o r  in 
v i t r o  t r a n s f o r m a t i o n  i n  c e l l  c u l t u r e .  

T h i s  l a b o r a t o r y  

I O 1 8 1 4 0  
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V. LABORATORY SPACE AND FACILITIES 

This program has avai lable  2,200 square f e e t  of laboratory space, 

including four Biogard hoods, two high e f f i c i e n c y  fume hoods a l t ered  

t o  meet NCI standards for working with chemical carcinogens, and seven C02 

incubators, i n  addi t ion t o  generally ava i lab le  standard laboratory 

equipment. 

VI. CURRICULUM VITAE 

See fol lowing pages. 
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Weizmann I n s t i t u t e  of Science 
Rehovot, Israel 

Senior  S c i e n t i s t  i n  t h e  Department of Genetics 
Weizmann I n s t i t u t e  of Science 
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A d isadvantage  of t h i s  p r o c e d u r e  i s  t h a t  t h e  r e q u i r e d  mutants  must b e  p r e s e n t  

a t  very  h igh  f r e q u e n c i e s  s i n c e  t h e  r e p l i c a  p l a t i n g  i t s e l f  h a s  no s e l e c t i v e  

c a p a c i t y .  A t h i r d  method i n v o l v e s  s e l e c t i n g  drug  r e s i s t a n t  ce l l s  by expos ing  

t h e  ce l l s  t o  a c y t o t o x i c  a g e n t  which k i l l s  w i l d  type  cel ls  b u t  n o t  t h e  m u t a n t s .  

We have chosen f o r  o u r  p r o c e d u r e  t h i s  l a s t  method due t o  i t s  s i m p l i c i t y .  

A s  i t  would be u s e f u l  t o  have i n f o r m a t i o n  on DNA r e p a i r  i n  ce l l s  t h a t  are 

commonly used i n  mutagenes is  s t u d i e s ,  w e  used t h e  V79 cel ls  as t h e  t a r g e t  

c e l l s  f o r  t n e  i s o l a t i o n  of  such  mutants .  I n  p r e l i m i n a r y  s t u d i e s ,  w e  t r e a t e d  

10 7 V79 c e l l s  w i t h  a c y t o t o x i c  dose of 2 pg/ml of N-methy1-N-nitro-N'- 

n i t r o s o g u a n i d i n e  (MNNG) (Bhuyan e t  a l .  1976) .  A week la te r  t h e  ce l l s  which 

grew as c o l o n i e s  were s u b c u l t u r e d ,  a l lowed t o  r e c o v e r  and once t h e y  reached  

a c e l l  number of a b o u t  l o 7  cel ls ,  t h e  t r e a t m e n t  w i t h  MNNG w a s  r e p e a t e d .  

A f t e r  seven such treatments w e  have i s o l a t e d  a number o f  MNNG r e s i s t a n t  

c o l o n i e s .  Cells from one of  t h e s e  c o l o n i e s ,  d e s i g n a t e d  V S 4 3 ,  which had a 

n e a r  d i p l o i d  karyotype ,  e x h i b i t e d  an i n c r e a s e d  r e s i s t a n c e  towards t h e  

c y t o t o x i c  e f f e c t s  of MNNG and n i t r o s o m e t h y l u r e a .  A t  a n  e q u a l  c y t o t o x i c  

l eve l  t h e  V S 4 3  ce l l s  y i e l d e d ,  re la t ive t o  t h e  w i l d  t y p e  V79 ce l l s ,  a h i g h e r  

muta t ion  frequency of ouabain  and 6- th ioguanine  r e s i s t a n t  mutants .  No such  

d i f f e r e n c e s  between t h e  V S 4 3  and V79 could  b e  observed  a f t e r  t r e a t m e n t  w i t h  

N-ethyl-N-nitro-N'-nitrosoguanidine (ENNG) , e t h y l m e t h y l s u l f o n a t e ,  methyl  methane 

s u l f o n a t e  o r  x-rays.  These r e s u l t s  s u g g e s t  t h a t  VS43 cells e x h i b i t ,  b i o l o g i c a l l y ,  

a n  enhanced e r r o r  prone  r e p a i r  towards MYNG. 

Tne major classes of  DNA r e p a i r  i n  mammalian cells  a f t e r  t h e i r  t r e a t m e n t  

w i t h  chemical r e a c t i v e  a g e n t s  are e x c i s i o n  r e p a i r  and p o s t - r e p l i c a t i o n  r e p a i r  

(Hanawalt 1977, Hanawalt  and Se t low 1975, R i g g i n s  e t  a l .  1976) .  W e  have 

t h e r e f o r e  ana lyzed  b o t h  t y p e s  of  r e p a i r  a f t e r  t r e a t m e n t  w i t h  MNNG and ENNG 
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us ing  a l k a l i n e  sucrose  g rad ien t s  (D'Ambrosio and Setlow 1976). Our pre l iminary  

experiments  i n d i c a t e  t h a t  the d i f f e r e n c e  between the  VS43 and V79 c e l l s  may 

be r e l a t e d  t o  the p o s t - r e p l i c a t i o n  r e p a i r  a f t e r  MNNG damage. These r e s u l t s  

appear  t o  support  the  idea  t h a t  p o s t - r e p l i c a t i o n  repair i s  an e r r o r  prone 

r e p a i r  system i n  mammalian ce l l s .  W e  s h a l l  cont inue  t o  analyze t h i s  and 

o t h e r  mutagen r e s i s t a n t  co lon ie s ,  i n c l u d i n g  those  r e s i s t a n t  t o  the  c y t o t o x i c  

e f f e c t  of ENNG and benzo(a)pyrene d i o l  epoxide.  

r e q u i r e  DNA s y n t h e s i s ,  i t  i s  probable  t h a t  some of t hese  mutants may have 

a l t e r e d  DNA polymerases. We have t h e r e f o r e  e s t a b l i s h e d  a procedure f o r  t he  

p u r i f i c a t i o n  of DNA polymerase a and B from V79 ce l l s  based on a modi f ica t ion  

of t h e  Weisbach (1977) method. In  t h i s  method Chinese hamster V79 o r  mutant 

ce l l s  are harves ted  by t r y p s i n i z a t i o n ,  washed wi th  PBS, homogenized i n  low 

s a l t  T r i s  b u f f e r  pH 8.0, son ica t ed ,  and c e n t r i f u g e d  a t  40K RPM f o r  1 hour .  

The supe rna tan t  i s  c o l l e c t e d  and a p p l i e d  t o  a 45 m l  DEAE-cellulose column. 

A grad ien t  of 0.02 M K C 1  b u f f e r  t o  lM K C 1  b u f f e r  i s  appl ied  and one m l  

f r a c t i o n s  are c o l l e c t e d .  DNA polymerase B e l u t e s  i n  the run through, wh i l e  

DNA polymerase o e l u t e s  a t  0.17 M KC1.  DNA polymerase B i s  pooled and 

a p p l i e d  d i r e c t l y  t o  a 10  m l  phosphocel lu lose  column. The enzyme e l u t e s  a t  

0.54 M K C 1  using the  same g rad ien t  as above. 

and removed from the  s o l u t i o n  wi th  ammonium s u l f a t e  a t  70% s a t u r a t i o n .  The 

p r e c i p i t a t e  is  c o l l e c t e d  and d i s so lved  i n  low s a l t  T r i s  bu f fe r  pH 8.0 and 

d i a lyzed .  The dialyzed enzyme i s  then a p p l i e d  t o  a 10 ml phosphocel lulose 

column and e l u t e d  a t  0.31 M K C 1  u s ing  t h e  same g rad ien t  as above. 

Since the r e p a i r  p rocesses  

DNA polymerase a i s  pooled 

I n  add i t ion ,  those c e l l  v a r i a n t s  which e x h i b i t  a l t e r a t i o n  i n  the  degree 

of e x c i s i o n  repair by the  a l a k l i n e  suc rose  procedure w i l l  be analyzed f o r  

t h e  removal ra te  of methyl,  e t h y l  o r  d i o l  epoxide DNA adducts formed a f t e r  
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t rea tment  w i th  t h e  a p p r o p r i a t e  mutagen/carcinogen. These experiments  w i l l  

improve our  knowledge of t h e  r e l a t i o n s h i p  between s p e c i f i c  types  of DNA 

repa i r  a f t e r  carcinogen-mutagen i n s u l t  and t h e  corresponding cy to tox ic  

and/or  mutagenic e v e n t .  I t  w i l l  a l s o  a l low us t o  use i n  t h e  cell-mediated 

assay, a r e p a i r  mutant o r  a combination of such mutants t h a t  are less 

s u s c e p t i b l e  t o  t h e  c y t o t o x i c  e f f e c t s  of p o t e n t i a l  carc inogens  bu t  are 

n ign ly  s u s c e p t i b l e  t o  t h e i r  mutagenic e f f e c t .  
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3 .  The use  of human cel ls  i n  mutagenesis s t u d i e s .  

The u l t ima te  o b j e c t i v e  of i n  v i t r o  mutagenesis assays  f o r  prevent ive  

purposes ,  i s  t o  p r e d i c t  t he  p o s s i b l e  danger of hazardous 

chemicals i n  our  environment.  Most such i n  v i t r o  assays employ e i t h e r  

b a c t e r i a  o r  rodent  c e l l s  as t a r g e t  organisms f o r  mutagenesis.  Rodent c e l l s  

a r e  a l s o  used as the  main source f o r  t h e  enzymes requi red  f o r  the metabolism 

of many pre-mutagens o r  carcinogens i n t o  r e a c t i v e  metabol i tes  which mutate 

t h e  ta rge t  c e l l s .  Some chemicals i n  the  environment may a f fec t  human cel ls  

i n  a manner which i s  d i f f e r e n t  from t h a t  of rodent  o r  b a c t e r i a l  ce l l s .  

Thus human c e l l s  -- i n  v i t r o  should provide a more appropr i a t e  source f o r  t he  

enzymes involved i n  t h e  metabol ic  a c t i v a t i o n  of hazardous chemicals and 

as t a r g e t  cel ls  f o r  mutagenesis .  However, i n  s p i t e  of t h i s ,  t h e i r  use i n  

such assays  i s  l imi t ed .  Maher and Wessel (1975) and Maher e t  a l .  (1976) have 

s tud ied  the  induct ion  of 8-azaguanine r e s i s t a n t  mutants i n  human f i b r o b l a s t  

s t r a i n s  der ived from h e a l t h y  and xeroderma pigmentosum p a t i e n t s .  Using d i r e c t  

a c t i n g  mutagens, they achieved q u a n t i t a t i o n  i n  inducing mutation a t  the  

hypoxan thine-guanine phosphoribosyl  t r a n s f e r a s e  (HGPRT) locus .  However, 

s i n c e  normal human f i b r o b l a s t s  e x h i b i t  low s a t u r a t i o n  dens i ty  and low p l a t i n g  

e f f i c i e n c y ,  t h i s  approach r e q u i r e s  a l a r g e  number of t i s s u e  c u l t u r e  v e h i c l e s ,  

prolonged incubat ion  t i m e s  and f r equen t  medium changes t o  achieve appropr i a t e  

q u a n t i t a t i o n .  Normal human f i b r o b l a s t s  have an a d d i t i o n a l  disadvantage i n  

t h a t  they can be  subcul tured  f o r  only about 50 ce l l  generat ions.  T h i l l y  

and h i s  a s s o c i a t e s  (1976) have overcome some of t h e  above problems by employing 

human lymphoblastoid c e l l  l i n e s .  These cel ls  r e q u i r e  less t echn ica l  handl ing  

and can be c u l t u r e d  i n  l a r g e r  numbers i n  suspension and grown as co lonies  

i n  s o f t  agar  medium. However, l i k e  many o t h e r  c e l l  l i n e s ,  t h i s  lymphoid 



18 

c e l l  l i n e  l acks  the  enzymes requi red  f o r  t h e  a c t i v a t i o n  of many environmental  

chemicals .  Therefore ,  i t  i s  necessary t o  supplement them wi th  the  appropr i a t e  

a c t i v a t i o n  system. 

they are not  s u i t a b l e  f o r  use i n  the cell-mediated mutagens assay which 

r e q u i r e s  con tac t  between the  t a r g e t  ce l l s  f o r  mutagenesis and the  cel ls  used 

f o r  t he  metabolism of the  t e s t e d  chemical (Kuroki and Drevon, 1978).  

However, s i n c e  they grow i n  suspension o r  s o f t  aga r ,  

I n  view of t h i s ,  w e  are a t  the  p re sen t  t i m e  i n  the  process  of i s o l a t i n g  

c lones  wi th  a high p l a t i n g  e f f i c i e n c y  (60-90%) from a human teratoma c e l l  

l i n e  which grows a t t ached  t o  t h e  su r face  of  Pe t r i  d i shes  (Zeuther e t  a l . ,  

1979).  These teratoma ce l l s  are cha rac t e r i zed  by a s h o r t  genera t ion  tine 

(12-15 h r )  lead ing  t o  the  product ion of l a r g e  co lonies  wi th in  8-10 days. 

Such c h a r a c t e r i s t i c s  w i l l  make the  i s o l a t e d  c lones  extremely u s e f u l  f o r  

mutagenesis s t u d i e s .  Some of t hese  c lones  w i l l  be  t e s t e d  f o r  t h e i r  

s u s c e p t i b i l i t y  t o  var ious  d i r e c t  a c t i n g  mutagens such as ni t rosamides and 

diol-epoxides  of po lycyc l i c  hydrocarbons.  The main genet ic  markers t o  be 

used w i l l  inc lude  ouabain and 6-thioguanine r e s i s t a n c e .  Once appropr i a t e  

q u a n t i t a t i o n  i s  achieved wi th  t h e  d i r e c t  a c t i n g  mutagens, w e  s h a l l  t es t  

t h e s e  cells i n  t h e  cel l -mediated mutagenesis assay wi th  a v a r i e t y  of 

chemical carcinogens t h a t  r e q u i r e  metabol ic  a c t i v a t i o n  inc luding  n i t rosamines ,  

a f l a t o x i n s  and po lycyc l i c  a romat ic  hydrocarbons.  

I n  a d d i t i o n ,  w e  s h a l l  employ some b r e a s t  tumor c e l l s  (obtained from t h e  

Naval Biosciences Laboratory) i n  which w e  demonstrated an a b i l i t y  t o  metabolize 

benzo(a)pyrene,  as carcinogen metabol iz ing  c e l l s  i n  a cell-mediated assay 

wi th  t h e  teratoma c e l l s  as the  t a r g e t  c e l l s  f o r  mutagenesis. We s h a l l  a l s o  

tes t  human l i v e r  tumor cel ls  f o r  t h e i r  a b i l i t y  t o  metabolize a f l a t o x i n s  and 

n i t rosamines .  The use  of t h e s e  fast-growing teratoma cells as t a r g e t  cel ls  

1 0 1 8 1 4 9  
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for mutagenesis  in combination wi th  o t h e r  human ce l l s  e i t h e r  from no-1 

o r i g i n  as desc r ibed  by Harris and h i s  a s s o c i a t e s  (Hsu e t  a1 1978)  c r  from 

some human tumors may r e p r e s e n t  an important  s t e p  toward developing a 

r e l i a b l e  human c e l l  a s say  f o r  t he  i d e n t i f i c a t i o n  of chemicals  p o t e n t i a l l y  

hazardous f o r  humans. 

-* ' 
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4 .  Induction of different markers of differentiation in human malignant 
cells by tumor promoting agents. 

Phorbol-12-myristate-13-acetate (PMA) and related phorbol diesters 

(Recker, 1978), which are tumor promoters in a two stage mouse skin 

carcinogenesis system (Boutwell, 1978), were recently found to alter cell 

differentiation in some avian and murine cells (Cohen, et al., 1977; Rovera 

et al., 1977; Yamasaki et al., 1977; Ishii et al., 1978;Diamond et al., 1977; -- 
Mia0 et al., 1978). These experiments suggest that tumor promoting agents 

may mimic natural cellular agents that are involved in the control of cell 

growth and differentiation. In view of this, we have initiated studies to 

determine whether PMA and related chemicals can also affect cell growth and 

differentiation in human cells. To determine this, we have examined the 

response of human HL-60 and K562-4 myeloid leukemia cells (Collins, etal., 

1978; Lozzio et al., 1976) to a series of tumor promoting phorbol-diesters. 

These human cells were used since they display distinct biological commitments 

towards differentiation and can be efficiently induced to differentiate into 

mature cells by dimethylsulfoxide and related compounds. 

studies with the tumor promoting phorbol-diesters indicated that these 

chemicals inhibited rather than induced terminal differentiation in these 

human cells. 

increase in the percentage of myelocytes, metamyelocytes and other nature 

myeloid cells as well as by an ability of the cells to phagocytize 

yeast cells. Differentiation could be induced by PMA at a dose as 

low as lo-'' M which is significantly lower than those used to give 

a biological response in avian or murine cell culture system. Induction 

of terminal differentiation in these cells was related to the activity of 

the phorbol-esters in the mouse skin. 

Our preliminary 

Differentiation in the leukemia cells was determined by an 
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We p l a n  t o  ex tend  t h e s e  s t u d i e s  t o  i n c l u d e  a d d i t i o n a l  markers f o r  d i f -  

f e r e n t i a t i o n  i n  t h e  myeloid leukemia cells .  They w i l l  i n c l u d e  measurement 

of myeloperoxidase  a c t i v i t y  (Raplow, 1965) ,  t h e  p r o d u c t i o n  of Fc r e c e p t o r s  

( R a b e l l i n o  and Metca l f ,  19751, and lysozyme a c t i v i t y  (Sachs,  1978) .  This  

l a s t  enzyme is  ext remely  u s e f u l  s i n c e  i t  can  be e a s i l y  q u a n t i f i e d  and 

may o f f e r  a s i m p l e  biochemical  marker  of d i f f e r e n t i a t i o n .  

For t h e  d e t e r m i n a t i o n  of lysozyme a c t i v i t y ,  c o n t r o l  and t r e a t e d  ce l l s  

w i l l  b e  h a r v e s t e d ,  washed w i t h  phosphate  b u f f e r e d  s a l i n e ,  c e n t r i f u g e d ,  and 

t h e  c e l l  p e l l e t s  w i l l  be  l y s e d  f o r  a p p r o x i m a t e l y  10 min a t  37°C i n  potassium 

phosphate  b u f f e r  pH 6.25 t h a t  c o n t a i n s  0.2% Triton-X 100. Cel l  d e b r i s  

w i l l  b e  removed by c e n t r i f u g a t i o n .  

a r e h a r v e s t e d  w i l l a l s o  be assayed  f o r  lysozyme a c t i v i t y .  

de te rmined  by measuring t h e  l y s i s  of Micrococcus l y s o d e i k t i c u s  as v i s u a l i z e d  

by a d e c r e a s e  i n t u r b i d i t y o f  t h e  b a c t e r i a l  c e l l  s u s p e n s i o n  a t  a n  o p t i c a l  d e n s i t y  

of 540 nm a t  25°C. 

comparison w i t h  a s tandard  a c t i v i t y  c u r v e  u s i n g  p u r i f i e d  lysozyme from hen egg w h i t e .  

The growth medium from which t h e  ce l l s  

Lysozyme a c t i v i t y  w i l l  b e  

The ug e q u i v a l e n t s  of  lysozyme a c t i v i t y  w i l l  be e s t i m a t e d  by a 

In  a d d i t i o n  t o  the myeloid leukemia ce l l s ,  we  p l a n  t o  i n c l u d e  t h e  human 

HO melanoma ce l l s  (Giovanel la  e t  al . ,  1976) which can  a l s o  d i s p l a y  a d i s t i n c t  

b i o l o g i c a l  commitment towards d i f f e r e n t i a t i o n .  These melanoma cel ls  o f f e r  

a r e a d i l y  q u a n t i t a t i v e  marker of d i f f e r e n t i a t i o n ,  namely, melanin,  as well 

as a m o r p h o l o g i c a l  marker,  d e n d r i t e  f o r m a t i o n  (Hirobe,  1978; Kre ider  e t  a1  1975; 

Ki tano ,  1976) .  Our p r e l i m i n a r y  s t u d i e s  i n d i c a t e d  that  as i n  t h e  case of t h e  

myeloid leukemia ce l l s ,  t h e  human HO melanoma ce l l s  can b e  e f f i c i e n t l y  s t i m u l a t e d  

t o  d i f f e r e n t i a t e  by PMA and r e l a t e d  tumor promoting p h o r b o l - d i e s t e r s .  D i f f e r e n t i -  

a t i o n  w i t h  PMA could  b e  d e t e c t e d  a t  d o s e s  as low as 10-l' M. 

ex tend  t h e s e  s t u d i e s  t o  i n c l u d e  a n  a d d i t i o n a l  q u a n t i t a t i v e  marker ,  dopa 

d e c a r b o x y l a s e  (McCaman e t  a l . ,  1972) ,  an  enzyme i n v o l v e d  i n  melanin b i o s y n t h e s i s .  To 

-* ' 

W e  s h a l l  
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determine whether induction of terminal differentiation by tumor promoting 

phorbol esters is unique to the myeloid leukemia HL-60 and K-562 cells and 

the HO melanoma cells,we shall include additional leukemic and melanoma cells 

as well as other tumor cell types which will be obtained from the Cell Culture 

Department of the Naval Biosciences Laboratory, Naval Supply Center, Oakland, 

California. 

Studying the induction of various endpoints of terminal differentiation 

in these human tumor cells will help in elucidating the cellular controls 

involved in the induction of terminal differentiation. If some or all of the 

tested human cells will display terminal differentiation after treatment 

with PMA, we will be able to suggest that either myeloid and melanoma cells 

differ from other cell types in their response to phorbol-diesters or that 

human cells in general may differ from rodent and avian cells in response to 

the PMA treatment. 

malignant cell growth in susceptible cells. In connection with this we 

Thus, these agents may be extremely useful in controlling 

shall attempt to determine whether tumor formation by human myeloid leukemia 

and melanoma cells in athymic nude mice can be inhibited by PMA and related 

agents. To perform such experiments we shall attempt to determine doses of 

PMA which will not be cytotoxic to the host (nude mouse) but which will be 

able to induce terminal differentiation. Once tumors are observed with 

the leukemia and/or melanoma cells, we shall treat the mice with appropriate 

doses of PNA or related compounds to inhibit tumor growth and observe for 

tumor regression. In addition to these experiments,we shall test whether other 

chemicals suspected of acting as tumor-promoting agents such as saccharin, anthraline, 

barbiturates, and chlorinated hydrocarbons can be effective in inducing o r  perhaps 

inhibiting terminal differentiation in the different myeloid and melanoma cells. 
- 
c3 
1 
a Such experiments will indicate whether induction of terminal cell differentiation 
J 

ul in the human cells is unique to phorbol-diesters or is characteristic of other 
w 

classes of tumor-promoting agents. 
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5.  Alterations in lipid biosynthesis in differentiating human tumor 
cells. 

Cell-cell interactions play an important role in the control of cell 

growth and differentiation in multicellular organisms. Signals expressed 

between cells during such interactions would appear to be due to changes 

in the surface membrane organization (Pardee et al., 1974; Robbins and 

Nicolson, 1975; Edelman, 1976). Major components of cellular membranes 

are the phospholipids and glycolipids (Rekonen et al., 1972; Lee and 

Snyder, 1973; Rretscher and Raff, 1975; Hildebrand et al., 1975). It 

would therefore be of interest to determine whether alterations in 

phospholipid and glycolipid metabolism which occur after PMA treatment 

(preliminary data) can be detected prior to initiation of cell differentiation. 

In view of this we shall undertake to study alterations in phospholipid and 

glycolipid metabolism in the myeloid leukemia and melanoma cells that can 

be induced to undergo terminal differentiation after treatment with tumor 

promoting phorbol-diesters. 

For phospholipid analysis cells will be labeled with [ 32P] orthophosphate 

or [l,2-lhC1choline chloride for 4 hr. at different times following PMA treatment. 

They will be then harvested, washed with cold phosphate-buffered saline (pH 7.2), 

and the lipids will be extracted by a modified method of Bligh and Dyer (1959), 

in which the methanol contains 2% glacial acetic acid. Aliquots of total lipid 

will be analyzed directly for 32P by liquid scintillation spectrometry. 

Phospholipids will be fractionated on Silica Gel 60 HR (layers will be made 

basic with 1 mM Na2C03) in a solvent system containing ch1oroform:methanol: 

glacial acetic acid:water (50:25:8:4, v/v). Identification of specific phospho- 

lipid classes will be performed by comparing R values with authentic standards. 

This will be also checked using an alternate solvent system, ch1oroform:methanol: 

f - 

ammonium hydroxide (60:35:8, v/v). The distribution of radioactivity along the 
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chromatogram will be determined by zonal profile scanning (Snyder and Kimble, 1965). 

Phosphorous content will be determined after first localizing the lipids by 

H SO -charring, followed by scraping the individual spots into test tubes 

for direct analysis of phosphorous (Rouser et al., 1966). Total phospho- 

lipid phosphorous will be quantitated in an identical nanner. Glycolipid 

extractions will be perforned similar to the phospholipids. After labelling 

the cells for 4 hr with [ C]glucosamine at different times after treatment with 

PMA, the labeled gangliosides will be separated on a thin layer of silica 

gel G-coated plate in a solvent system that contains ch1orofom:methanol: 

ammonia:water (60:35:1:7 v/v) and will be identified by their co-chromatograpb 

with authentic standards. The different gangliosides will be determined 

quantitatively after the appropriate bands are scraped from the thin-layer 

chromatogram and collected in scintillation vials, and the radioactivity 

will be determined in a scintillation counter. 

2 4  

14 

Alterations in phospholipid and/or glycolipids turnover observed prior 

to the detection of markers of cell differentiation will suggest that PMA 

affects cell growth and differentiation by altering the turnover of some 

phospholipids and/or glycolipids which are major components of cellular 

membranes. Moreover, this may suggest that the tumor-promoting agents may 

alter the lipid composition of the surface membrane which in turn can alter 

the regular behavior of receptor molecules that bind hormone-type growth or 

differentiation factors present in the serum used for cell cultures (Lee and 

Weinstein, 1978a, 1978b, 1978c; Shoyab et al., 1979). 
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