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I. RESEARCH OBJECTIVES

The objectives of this research were to develop rapid short-term

in vitro assays in order to evaluate carcinogenic and/or toxicologic

chemicals used in world-wide U.S.A.F. operations. This type of predic-

tive assay would greatly reduce the time and money required to determine

these effects in in vivo systems.

Through the auspices of this contract, two systems were developed

to determine carcinogenic potential. One system involved a human

diploid cell transformation system with an oncogenic virus of feline

origin and the second system involved the effect of diverse chemicals on

endogenous virus gene expression. The first system was validated by a

double-blind study in conjunction with the Chemical Research Resources

Program, CPCB, DCCP, NCI, Bethesda, MD. The second system was not eval-

uated in a double-blind study, although, to date, chemical carcinogens

increased expression of the endogenous feline virus, RD114 P28 core

protein within 72 hours after treatment of feline embryo cells with

known carcinogens at non-toxic levels.

I. SPECIFIC OBJECTIVES

The specific aims of this contract were to:

I. Develop and validate an in vitro transformation assay in human

cells. (Years 1-3.)

2. Develop an in vitro transformation assay in feline cells.

(Years 2-3.)

3. Evaluate molecular mechanisms of chemical-virus interactions by

hybridization analysis of chemically-treated virus-infected

human cells. (Years 1-3.)

All objectives were met and are contained in the following final

report.
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III. STATUS OF RESEARCH

Objective 1

The cell line used for this aspect of this program was Detroit 550,

a human diploid skin fibroblast line from the American Type Culture

Collection. The virus used was the Snyder-Theilen strain of feline

sarcoma virus. This system was used to screen carcinogenic and non-

carcinogenic chemicals. The major findings were that carcinogens inhib- -

ited virus transformation whereas non-carcinogens did not. Futhermore,

the effect was not a result of cell killing in that non-toxic concentra-

tions of chemicals were used for cell treatment. It was further shown

that the carciogens inhibited a specific virus gene function or product

(v-fes), whereas other gene products or gene functions (gag, Pol and

FOCMA-S) were unaffected by chemical treatment as determined with the

assay system used. The results showed carcinogens inhibited v-fes

expression when virus-infected cells were exposed to the test chemicals

2 hours post-infection (p.i.) while non-carcinogens had no significant

effect on virus transformation when added 2 hours p.i. (progress

reports, years I and 2). In order to validate this system, a double-

blind study was undertaken with Dr. David Longfellow, Chemical Resources

Branch of the National Cancer Institute. The results are presented

herein.

Materials and Methods

1. Cells. Detroit 550 human skin fibroblast (HSF) cells (normal

male) (ATCC, CCL109, Rockville, Md) were grown in Minimal Essential

Medium with Earle's salts, supplemented with 0.1 mM non-essential amino

acids, 1 M sodium pyruvate, 2 mM glutamine, 50 gg/ml Gentamicin and 10%

fetal bovine serum (CM10) (with 5% serum, CM5; with no serum, CMO).

Cultures were incubated at 370C in a 5% CO2 humidified atmosphere and

routinely split at 7-day intervals. Cells used in transformation assays

were between passage levels 15 through 30.

A
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• -2. Virus. Snyder-Theilen feline sprcoma virus (ST-FeSV),

initially obtained from tumor suspensions, was grown in feline embryo

tissue culture. Clarified supernatants were stored in 0.5 ml aliquots

at -859C.

3. Chemicals. Cells were treated with chemicals at 2 hours or 6

* hours post-virus-infection. Two non-toxic concentrations of each

chemical (the low concentration a ten-fold dilution of the high) wereU

used. Chemicals were dissolved in suitable solvents and diluted to

required concentration in CMI0. Twelve wells were used for each concen-

tration and for each treatment time. Twenty-four wells were used for

untreated, virus-infected controls. Cells were exposed to the chemicals

for one hour at 376C and were then washed in CM5 and refed with CMI0

(1.5 ml/well). All chemical preparations and treatments were carried

out under red light.

Solvents used were water, acetone, alcohol and DMSO. Solvent L
controls were run in those cases where alcohol or DMSO were used as they

significantly affected the assay.

4. Toxicity assays. Cells were seeded into 35mm diameter wells at

i 9. 150 cells/well in 4 ml CM10. Under red light, ten-fold dilutions of the

chemical were made in CM10. Six wells were used for each dilution and

twelve wells for untreated controls. Cells were exposed to the chemical

for one hour at 370C, then washed with CM5 and refed with Cr10. After

4-6 days incubation, cells were fixed with 10% buffered formalin and

stained with Giemsa. Clones containing at least 10 cells were counted.

5. Transformation assays. Confluent HSF cells were trypsinized

and seeded into 16mm diameter wells at 3.5 x 104 cells/well in 1.5 ml

CM10 and incubated for 20 hours. The medium was aspirated and cells

- were treated with DEAE-Dextran (40 Og/ml in CMO) for 20 minutes at room

temperature. The cells were then washed with CM5 and inoculated with

20-25 FFU ST-FeSV in 0.1 ml CM5/well. Plates were rocked at 20-minute

intervals throughout the 2-hour, 370C incubation period. The inoculum

was aspirated and cells were refed with CM10. After 7-9 days incuba-

tion, cells were washed once with CMO, fixed with 10% buffered formalin

b.
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and stained with Giemsa. Foci of transformed cells were counted using a

dissecting microstope at 40X magnification. Data were evaluated by

Student's nt" test.

Results shown in Table 1A are 25 known chemical carinogens. Of

these, 20 significantly inhibited ST-FeSV transformation of HSF when

administered 2 hours post-infection (Fig. I). Five carcinogens were

scored as negative in the assay and are shown in Table 2 as false neg-

atives. Shown in Table 1B are 13 non-carcinogenic chemicals of which 7

tested as negative in the assay. Six significantly inhibited transform-

ation under the test conditions. These are shown in Table 2 as false

positives. Solvents used in the assay are shown in Table iC. DMSO

significantly inhibited transformation when administered 2 hours p.i.

Carcinogen/non-carcinogen pairs were also assayed (Table 3). A high

degree of correlation was seen with all the pairs tested with the excep-

tion of the carcinogen D,L-ethionine which registered as a false (-) .....

Conclusions and Significance

Twenty of 25 chemical carcinogens and 6 of 13 non-carcinogens

significantly inhibited virus transformation of normal human skin fibro- -

blasts when administered 2 hours after virus infection. Three of the 5

carcinogens scored as false negatives, namely Safrole, benzidine and

4-aminoazobenzene (Butter Yellow), require cellular activation systems

such as liver cells to biotransform the proximate carcinogen to the

ultimate carcinogen. It is possible the ultimate carcinogen was not

activated in this cell system. D,L-ethionine is recognized as a car-

cinogen in rats, but not in hamsters. Therefore, its classification as

a carcinogen is questionable. CPCD also has been proven difficult to

detect in other in vitro assay systems.

Saffrole, Butter Yellow and CCPD all were dissolved in DMSO which,

by itself, reacts significantly as positive in this assay. Protein

kinases which regulate phosphorylation are known to control both normal

and neoplastic cell growth. Abnormal phosphorylation has been assoc-

iated with transformation induced by retroviral protein kinases.

Recently, Rubin and Earp showed that DMSO stimulated phosphorylation of

I _
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* ~170,000 d membrane protein. Others have shown DMSO to increase uptake

of calcium ions, to cause changes in affinity for insulin receptors and

t Q to disrupt microfilaments - all factors in growth regulation.

Thus, the use of DMSO as a solvent in studies such as these may

mask the results of chemical activity. For example, Benzo(e)pyrene

dissolved in DMSO was negative, whereas when it was dissolved in

acetone, it was scored as a positive, indicating carcinogenic activity.

Benzo(j)pyrene was the only chemical which tested as positive when

dissloved in DMSO.

Anthracene and pyrene are widely accepted as non-carcinogens. The

expert committee which provided chemicals for the double-blind study

reported that, although many in vitro studies on both antracene and

pyrene have been reported, the results have been inconclusive, thereby

questioning the non-carcinogenic activity reported for these chemicals.

Diphenyl nitroasmine has shown carcinogenic activity in several in vitro -
L

assays. Several studies showed retinol acetate (vitamin A) in high

doses was teratogenic when fed to pregnant mice, whereas sodium ascor-

bate (vitamin C) and azoxybenzene may represent true false positives in

that no evidence of carcinogeneicity has been described for these

chemicals.

The inhibition of ST-FeSV transformation by chemical carcinogens

may reflect reduced levels of v-fes synthesis or v-fes integration.

Alternatively, the target site of the v-fes gene product may be

*affected.

L
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TA13LE 1.* CHEMICALS TESTED IN FeSV/HSG ASSAY

Solvents used
Chemical Concentration (jig/mi or ppm)

A. Carcinogens:

1. a-Naphthylamine 10, 0.01 jig/mi acetone
2. $-Naphthylamine 20, jig/mI acetone
3. Phenyi(ct)naphthylamine 10, 0.1 jig/mi acetone

-4. Phenyl(a)naphthyiamine 10, 0.1 jig/mi acetone
5. Hydrazine 60, 6 ppm aqueous
6. Mono-methyihydrazine 100, 10 ppm, aqueous
7. Unsymmetrical dimethyl 100, 10 ppm aqueous

hydrazine
8. Symmetrical dimethyl 200, 10 ppm aqueous

hydrazine
9. N-Acetoxy 2 fluorenyl 100, 10 ppm acetone

acetaminde
10. Benzo(a)pyrene 10, 1.0 jig/mi acetone
11. Benzo(e)pyrene 10, 1.0 jig/mi acetone &DMSO
12. 4 Amino-biphenyl 10, 1.0 jig/mi acetone
13. 4 dimethyl. aminoazobenzene 10, 1 jig/mi DMSO L
14. N-Nitrosomethyl urea 10, 1 jig/mi. aqueous
15. Safrole 10, 1 jig/mi DMSO
16. 8 -Propiolactone 10, 1 jig/mi aqueous
17. 4,41-methyiene bis 10, 1 jig/mi acetone

po (2-chioroaniline)
18. Benz~a)anthracene 10, 1 jig/mi acetone
19. Benz(j)fiuoranthene 10, 1 jig/mi DMSO
20. Benzidine 10, 1 uig/mi alcohol
21. D,L ethionine 10, 1 jig/mi aqueous
22. Methyl azoxy methanol 10, 1 jig/mi acetone

acetate
*23. Cyclopeneto(C,D)pyrene 10, 1 jig/mi DMSO

24. Formaldehyde 10, 1 ppm aqueous
25. N-(2-fluorenyl) acetamide 10, 1 jig/mi acetone

B. Non-Carcinogens

1. N-(4-fluorenyi) acetamide 10, 1 jig/mi acetone
2. Pyrene 10, 1 ji/mi acetone
3. 2-Aminobiphenyl 10, 1 jig/mi. acetone
4. Anthracene 10, 1 W/mi acetone
5. Phenanthrene* 10, 1 jg/mi acetone
6. Retinol acetate (Wit. A)* 10, 1 kg/mi alcohol
7. Sodium ascorbate* 10, 1 mg/mi aqueousL
8. L-Methionine* 10, 1 Ig/mi aqueous
9. Azoxybenzene* 10, 1 Mg/mi alcohol

10. Diphenyl nitrosamine* 10, 1 pg/ml acetone
11. Gamma butyrolactone* 10, 1 gg/mi aqueous
12. Acetone 2x104 ,2x103,1x103,1x102 PPM aqueous
13. Ethyl alcohol 1X10 3 ,1x102 PPM aqueous
14. DM90 1x103 ,lx10 2 PPM aqueous



TABLE 2. FALSE NEGATIVES AND FALSE POSITIVES DETECTED IN ASSAY

Chemicals False Positive False Negative

Safrole* +

Benzidine +

D,L Ethionine +

Cyclopenteno(C,D)Pyrene* - +

4-Dimethyl Aminobenzene -

Retinol Acetate +

Sodium Ascorbate +

Azoxy Benzene +

Diphenyl Nitrosamine +

Anthracene +

Pyrene +

* Dissolved in OSMO

5I
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TABLE 3. TEST OF CARCINOGEN/NON-CARCINOGEN PAIRS

In Vivo FeSV Test

Chemicals Activity Activity

1. 2-aminobiphenyl NC

-4-aminobiphenyl C +

2. y-butyrolactone* NC

$-propiolactone* C

3. N-4 fluorenylacetamide* NC

N-acetoxy 2-fluorenylacetamide* C+

4. Pyrene* NC

Benzo(a)pyrene* C +

5. L-methionine* NC
D,L-ethionine* C False(-)

*Double blind
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Objective 2

A second in vitro assay system developed to assay carcinogens

involved the detection of a specific viral core protein, p28, in feline

embryo cells. This core protein of an endogenous xenotropic feline

virus, RD114, is found in all normal feline cells. P28 levels were

detected with a competitive radioimmunoassay using donkey anti-p28

antisera and 12 5 I-p28 following exposure of feline embryo cells for -'

24, 48 and 72 hours to chemical carcinogens and non-carcinogens. The

results of this study are reported herein.

Materials and Methods

Isolation of RD114/p28 Structural Protein. The human cell line,

rhabdosarcoma (RD) was grown in RPMI 1640 medium (Gibco), supplemented

with fetal bovine serum (Hyclone). The cells were seeded, then fed at

48-hour intervals with RPMI 1640, supplemented at the first and second

feeding with 10% FBS and with 5% FBS thereafter. At 20 days, the cells

were harvested and the harvested culture medium was then clarified by

centrifugation at 1000 rpm for 10 minutes. The medium was concentrated

to a volume of 200 ml using a Millipore Pellicon Cassette System and

then ultracentrifuged at 100,000 g for 90 minutes to pellet the virus.

The virus was resuspended and purified by centrifugation (100,000 g, 60

minutes) in a 20-50% continuous sucrose gradient. The virus was then

freeze-thawed twice, followed by ultracentrifugation at 100,000 g for 90

minutes. The pellet was then resuspended in a TKE-D-TX buffer (0.04

Tris HC1, 0.05M Tris base, 0.6M KCI, 0.01 M EDTA, 0.01M Dithriothreitol,

1% Triton X-100) and incubated at 370C for 60 minutes. The resuspended

pellet was centrifuged again (100,000 g, 90 minutes). The supernatant

was poured off, extracted with ether, bubbled with nitrogen, and then

ultracentrifuged at 100,000 g for 90 minutes. The resulting supernatant

was chromatographed on Biogel P-100 (BioRad) with an eluting buffer of

0.5%M phosphate buffer pH 7.5 (column KI.5 x 30, sample size 1.5 ml,

fraction size 1 ml). The RDll4/p28 protein elutes in the second peak

(Fig. 1.). Each fraction in the second eluted peak was tested for the

10



presence of p28 by SDS gel electrophoresis. Those fractions shown to

contain only p28 were pooled and stored at -800C. Concentration of p28

was determined by Lowry Protein Assay using BSA as a standard.

Lowry Protein Assay. A solution (hereafter termed Regent A) was

made up containing 0.5 ml of 1% cupric sulfate and 0.5 ml of 2% potas-

sium tartrate per 50 ml of 2% sodium carbonate. Standard tubes were

made up containing 20, 40, 80, 120, 160 and 200 mg, respectively, of

bovine serum albumin in 5 ml of Reagent A. 0.5 ml of the solution to be

tested was also added to 5 ml of Reagent A and all tubes were allowed to

stand at room temperature for 10 minutes. 0.5 ml of IN phenol reagent

was then added to each tube and after 30 minutes the color which

developed was read in a spectrophotometer at a wavelength of 750 nm.

Iodination. Ten og purified p28 and 100 Jg of Chloramine-T were

added to a combi vial containing I mCi of Na-112 5. The contents of

the vial were mixed for 60 seconds and the reaction was stopped by the

addition of 250 jig of sodium metabisulfite. The iodination reaction was

then quenched by the addition of I mg KI and 0.1 mg bovine serum

albumin. The mixture was then chromatographed on a Biogel DG-g column

(0.9 x 30 cm) to separate 12 5,-p28 from free iodine. The eluting

I buffer was composed of 0.01M Tris HC1 pH 7.8, 0.4K NaCi, 0.3% Triton

X-100, 0.1% sodium azide and 1% bovine serum albumin. One ml fractions

were collected and counted. Fractions from the protein peak (the first

peak eluted) were pooled and diluted with elution buffer to a final

concentration of 100 ng/ml, then stored at 40C.

Treatment of FE Cells with Carcinogen. The FE cells were seeded

into T75 flasks (Corning) with McCoy's SA medium and 10% fetal bovine

serum (FBS). The cells were then incubated at 370C for 24 hours after

passage. The culture medium was then removed and replaced with 5 ml of

medium containing the carcinogen to be tested at a concentration deter-

mined by prior toxicity studies. The cells were then incubated with the

carcinogen for 30 minutes. At the end of 30 mintes the carcinogen-

containing media was removed, the cells were rinsed with 10 ml of

11



McCoy's and incubated again in 30 ml McCoy's supplemented with 10% FBS.

One non-treated control flask and 1 flask at each chemical concentration

were harvested at 27-hour intervals (24, 48 and 72 hours after treat-

ment). Harvesting was accomplished as follows: the cells were rinsed

twice with 10 ml McCoy's, then treated with 3 ml of 0.25% trypsin.

Detached cells were then suspended in 5 ml McCoy's with 10% FBS and

pelleted by centrifugation at 1000 rpm for 10 minutes. The supernatant - -

was then poured off and cells were resuspended in 5 ml buffer (0.01M

Tris HCI pH 7.8, 0.1M NaCI, 0.05M EDTA, 0.5% Triton X-100) and kept on

ice. The cells were then sonicated for 30 seconds and ultracentrifuged

at 35,000 rpm for 60 minutes. The resulting supernatant is stored at

-806C and tested for the presence of the p28 protein by radioimmunoassay

and for total protein concentration by the Lowry modification of the

Folin-Ciocalteau protein assay.

Competitive Radioimmunoassay. The competitive radioimmunoassay is

performed by the double antibody method. Reagents used are the

following:

Antigen: p28 at 20 ug/mll 12 51-p28 at I ng/ml, specific activity

25 Ci/Mg buffer: 0.01M Tris HCI pH 7.8, 0.4M NaCI, 0.3% Triton X-100,

0.1% sodium azide, 1% bovine serum albumin.

Primary antibody: goat anti-p28 antiserum buffer: 0.01M Tris HCI

pH 7.8, 0.03M EDTA, 0.4M NaCI, 0.3% Triton X-100, 0.1% sodium azide, 1%

bovine serum albumin, 1% normal goat serum.

Secondary antibody: donkey anti-goat antiserum buffer: 0.01M Tris

HCI pH 7.8, 0.001M EDTA, 0.1M NaCI, 0.1% Triton X-100.

Serial two-fold dilutions of the cold antigen were made giving

final concentrations ranging from 4.88 ng/ml to 625 ng/ml. 0.05 ml

aliquots of each dilution were added to 0.05 ml of antiserum which has

been diluted 1/500. 0.05 ml samples of each solution to be tested for

p28 levels were also added to 0.05 ml of antisera. Control tubes were

also defined as follows: a total count tube contained 0.05 ml of

antigen buffer and 0.05 ml of primary antibody buffer, a background

count tube contained 0.05 ml of antigen buffer and 0.05 ml of primary

12
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antibody buffer, and a reference count tube contained 0.05 ml of antigen

buffer and 0.05 ml of primary antibody. All tubes were then incubated

at 40C. Twenty-four hours later 0.1 ml of the hot antigen, 12 51-p28,

was added to all tubes. The tubes were again incubated at 40C for 24

hours. On day 3, 0.2 ml of undiluted secondary antibody was added to

all tubes except the total count control tubes and all tubes were again

Sincubated at 40C for 24 hours. At that time the tubes were "harvested"

by the following procedure: all tubes were diluted out to I ml by the

addition of 0.8 ml of secondary antibody buffer. The tubes were then

centrifuged at 2500 rpm for 15 minutes, the supernatant was aspirated

off of all tubes except the total count control tubes and the tubes were

counted in a gamma counter (Micromedic, counting time I minute). A

standard curve was created by plotting antigen concentration against

counts bound/counts in reference count control tube and unknown p28

levels were calculated from the standard curve required to determined

confidence levels.

Results

The first experiment initiated was the determination of passage

effects on p28 expression in feline embryo cells. As shown in Table 1,

p28 expression was monitored through 16 passages. P28 protein concen-

trations ranged from 0.257 at passage I to 1.47 at passage 16 (ng/mg

total cellular protein) with a mean value of 0.993 ng/mg and a standard

deviation of 0.390. FE cells were treated with different chemicals and

p28 levels were determined at 3 time periods. The chemicals used,

concentrations and graphical respresentations are shown in Table 2.

13



TABLE 1. RD114 P28 EXPRESSION IN NORMAL FELINE CELLS
FROM PASSAGE I THROUGH 16.

Concentration
Passage ng/mg total
Level protein

1 0.257
2 N.D.
3 N.D. -"

4 0.422
5 N.D.
6 N.D.
7 1.04

8 1.03
9 1.39
10 1.18 .
11 N.D.
12 1.11
13 1.20
14 N.D.
15 1.47 Mean-0.933
16 0.838 S.D.-0.390

1. Passage level - confluent monolayers trypsinized and split
at 1:3 ratios.

2. N.D. - Not Determined.

14
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TABLE 2. CHEMICALS AND DOSE LEVELS USED IN FE CELLS

Chemicals Concentration Figure No. 1

Hydrazine 5 & 50 ppm 2
SDMH 10 & 100 jig/ml 3
UDMH 10 & 100 ppm 4
MKH 10 & 100 ppm 5

N94-Fluorenyl) acetamide 10 & 1 jg/ml 6
Pyrene 15 & 5 jig/ml 7
BAP 15 & 5 jg/ml 8
Beta-naphthylamine 15 & 5 jg/ml 9
Ph.-beta naphthylamine 15 & 5 jg/ml 10
Ph.-alpha naphthylamine 15 & 5 jg/ml 11
N-acetoxy AAF 1. & .1 Mg/ml 12
Acetone 2 & .2% 13
Formalin 10 & 1 ppm 14

MNNG 0.1 & 0.01 jg/ml 15
4 NQO 0.001 & .0001 jg/ml 16
4 ABP 10 & 1 jg/ml 17
2 ABP 10 & 1 g/ml 18

The figures 2-18 are graphical representations showing the

effect of the above listed chemicals on p28 expression.

Results
L Shown in Table 3, FE cells treated with 11 carcinogens increased

p28 expression. Enhanced expression varied by values ranging from a

2.1-fold increase with 0.0001 jg/ml 4NQO to a 35-fold incease with 100

jg/ml of SDMH. Maximum expression occurred after 48 or 72 hours incub-

Uation. These results are shown graphically in Figures 2-18. No effect

was noted after 24 hours incubation with any of the test chemicals.

Futhermore, 4 non-carcinogens had little or no effect on expression in

addition to 2 carcinogens. Thus, 11 of 13 known carcinogens enhanced

expression of an endogenous viral protein whereas 3 non-carcinogens did

not. Thus, 85% of the carcinogens were detectable with this assay

system. There is some question as to the carcinogenic potential of

formalin and, if this data were included in the non-carcinogen class,

the percent of detectable carcinogens would be increased to 92% levels.

Further studies are required to determine confidence levels.

P.
15
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OBJECTIVE 2

Figures 2-18

Legend: ()represents "high" dose; (X--X) "low" and C-)control.

18



LO

~LLi
I4Z

C) LLJ--

Ua

I I I

19



::D

uJ
I- --

M
004

20



UU

mm

u
0

to- Iwo

co cm

NI~~~i'-ci CLiioli~ W8 S

21.



I I i

I --

LL

I% %

a 00
lw-N

NI10J umi li~ W/ZJS

444 22



IIL

1CD

I'L

IL

LL LU

0LU-

'I r% co w w -C

NI~i J uimqo ioiSW/8J'S

23



fTt

I I L1
I Ii

I IJ

I IL
I In

% % % % I
I% % % % CI

I-% %
I I%
* Z

o cm

NIUO8 yii IYI WU9

24-



~LC)

:z
ZLU

C) a

z

LUI

N cm

U, iOA jinm iuio SW82 SN~CO

25



U)

LUJ
ELLJ )-

z

F-

H-
LUJ

26



U,

cc:

0

10

z-Z

NcI-

LC

to-

NIiLO8d 86flflT1~? 1Y.O. SW/2 SN

27



En6
S.w

*c

CE)

Cn D
= D4

~Ef

Z: -4Y-

Z4

ez
i0

gnw CL
m CE

=) :

U, a,

-4 -

28



I0.

~LL-

u

zF--Cowu
I-:

29



Z

u1.

-

iJ

F-LLJ
Cc:

Im

I~ ~~ CD I I

NI IJ uiflT1O IOI SW/22d SN

30



I0j

I-j

~cr
mu

NMJIilMl~~ W9JS

31C



Ti4

A-
, U-

% %

I ID

NM08 uim~ wii S/2J

132



ciD

r Iz

I-- CD
p CI

% IJ

- I-

- CD
- ICD

- I CD
A0

%%%:

- - - - - - -.



z4

I LL CD

I I LU

IL Z I

II

L- C

N13108JZ. 4iilMli~ W8J

34~



M $4

It I Z

I I-

I In

N131MJ~ ~ ~ ~ IjilM i~ W9d

35I



Objective 3

Evaluation of Molecular Mechanisms of Chemical-Virus Interactions

by Hybridization Analysis of Chemical-Treated Virus-Infected Cells....

Introduction

This total research project has been concerned with the effects of

chemical carcinogens (at various time periods and at non-toxic doses) on

ST-FeSV initiated transformation of human skin fibroblasts (Detroit 55 -

ATCC) in vitro. Known carcinogens, representative of various classes,

which have been used in the cocarcinogenic test system developed in this

laboratory have inhibited transformation of human fibroblasts following

their exposure to the test chemical at two hours post-infection with

ST-FeSV (see Table I). Non-carcinogens have had no significant effect

on transformation at two hours post-infection (9,10).

TABLE 1. CORREL&TION BETWEEN INIBITION OF VIRUS TRANSFORMATION
AND DIVERuE CHEMICALS INDUCING TUMORS IN RODENTS

Inhibition of

Chemical Reported ST-FGSV
Treatment Activityt Transformation

I. Aromatic amines A
A. Naphthyl amines

I. Two (2) C yes
2. Phenyl-alpha C Yes
3. lhenl-beta C Yes
4. 1-Acetoxy 2 fluorenylacetamide C yes

I1. Polycyclic Hydrocarbons
1. Benzo(alpyrene C yes
2. Pyrene NC no

III. Hydrazines
1. Hydrazine C yes
2. Mono-methyl hydrazine C yes
3. 1,1 Dimethyl hydrazine C yes
4. 1,2 Dimethyl hydrazine C yes

IV. Other
1. Aflatoxin B1  C yes
2. Amosite asbestos C yes
3. ,YP5 (shale) VC no
4. JP5 (petrol) NC no
5. R75 NC no
6. Diesel fuel, marine NC no
7. Acetone YC no
S. Methyl aszoxymthanol-acetate C yes
9. Formalin C yes

10. Triton X-100 ? no

tC, Carcinogen, VC, non-carcinogen.
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Additional studies have indicated that known carcinogens may be

inhibiting expression of the specific retroviral transforming gene known

as v-fes in ST-FeSV. Other viral gene products (gag, pol, and FOCMA-S)

have appeared to be unaltered in the presence of carcinogens (11).

Test results have suggested the possible value of this fibroblast -

ST-FeSV system as a rapid, predictable in vitro assay for evaluation of

chemicals in regard to carcinogenic potential. The results of a double-
-

blind evaluation of this assay system conducted in conjunction with the

Chemical Carcinogen Reference Standard Repository, Chemical and Physical

Branch, DCCP, NCI are presented elsewhere in this report.

The specific aspects of the ST-FeSV chemical interaction which this

section of the report deals with are whether or not carcinogenic chemi-

cals may interfere with proviral synthesis or integration into the host

cell genome when administered at two hours post-infection with ST-FeSV.

This is the critical period at which transformation is inhibited. It is

known that by two hours after infection, retroviruses, in general, begin

synthesizing complementary proviral DNA from their RNA in the host cell

cytoplasm and initiate its transport and integration into the nucleus.

This study is of value in understanding chemical-viral interactions

in several ways:

1) In providing insight into the mechanistic reasons for chemical

alteration of the transforming capacity of ST-FeSV and possibly other

retroviruses.

3 2) In providing supporting evidence for the usefulness of the

fibroblast-ST-FeSV test system, developed in this laboratory, as a

predictable indicator of carcinogenic chemicals in a screening program.

3) In providing a broader basis of understanding about the effects

of carcinogens on pro-viral DNA (retroviruses) or oncongenic DNA (adeno-

viruses, herpesviruses, and polyoma viruses) synthesis and integration

as variables of time of infection with these respective viruses.

4) In providing clues to the effects of carcinogenic chemicals in

the environment on in vivo expression of both vertically-transmitted

endogenous retroviruses and horizontally-transmitted exogenous reto-

viruses or oncogenic DNA viruses.
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This study relates to the current interest in viral-chemical inter-

action sometimes referred to as syncarcinogenesis or cocarcinogenesis in

the oncogenic process. Chemicals and known carcinogens have been ob- -- -

served to enhance or negate virus expression or the oncogenic potential

of transforming viruses depending upon such variables as: 1) the in

vitro or in vivo system employed, 2) the transforming virus used for

infection (RNA or DNA virus) or the particular endogenous virus present

in the system, 3) the time of chemical administration relative to virus

infection, 4) the concentration of chemical used, and 5) the mode of

action of the particular carcinogen or tumor promoter used for

treatment.

It is known that the frequency of transformation by DNA tumor

viruses can be enhanced by exposing cells to irradiation, thymidine

analogs, and chemical carcinogens of various classes. The molecular

basis by which these agents enhance transformation is not known (65).
S

In the adenovirus (Simian adenovirus 7)-hamster embryo cell system,

either enhanced or inhibited transformation frequencies were observed

relative to the concentration and time of administration of chemicals

(16). This is similar to our findings in the ST-FeSV-human fibroblast

system. Both physical and chemical carcinogens have been shown to 0

mediate the amplification of SV40 DNA synthesis in the Chinese hamster

embryo cell system, However, not all of the viral DNA sequences were

amplified. Only certain sequences of the viral genome were present in

amplified amounts and were present in DNA molecules which contained both

SV40 and hamster DNA sequences. This may reflect a general gene ampli-

fication phenomenon mediated by carcinogens (62, 63, 64). Similarly,

tumor-promoting substances were shown to amplify Epstein-Barr virus

early antigen (EA) expression by non-virus producer Rail cells. This

system has been proposed as a short-term in vitro assay for tumor

promoters (54).

3
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Treatment of cells with chemical carcinogens and mutagens has

resulted in different rescuability of integrated endogenously and

exogenously acquired type C retroviruses. In most cases, this has been

determined not to be due to differences in virus penetration (among a

given cell population) or to enhanced susceptibility to infection by a

*. chemically resistant cell population. Derepression of certain oncogenic

retroviruses may depend on the dose of chemical used. It has been sug-

gested that induction of endogenous viruses could lead to expression of

silent genes or the formation of recombinant transforming viruses. Cell

cycle stages also have been shown to significantly affect chemical and

hormonal induction of endogenous murine retroviruses (85).

Very little work has been done specifically with quantitating

genome integration by transforming viruses in host systems treated with

chemical carcinogens. It was found that treatment of Chinese hamster

embryo cells with the carcinogen 4 nitroquinoline 1-oxide (4-NQO) two

hours prior to infection with SV40, resulted in: 1) increased cell

transformation frequency, 2) increased levels of nuclear penetration by

SV40, and 3) two-fold enhancement of the levels of SV40 DNA integrated

into cellular DNA as compared to controls (53). 4-NQO is known to

produce DNA strand scission which may facilitate integration. In

addition, 4-NQO might render nonpermissive cells permissive for viral

replication, increasing the number of molecules of SV40 DNA available

for integration, or 4-NQO may modify the uptake of SV40 into cell nuclei

by altering membrane permeability. In contrast to this system, a number

of cell lines, when pretreated with various polycyclic aromatic hydro-

carbon (PAH) carcinogens prior to infection with adenovirus 5 (also a

DNA-transforming virus), showed enhanced viral transformation but no

alteration in the extent of viral DNA synthesis or integration (29).

Another study, with which our research problem may have more simi-

larities, was also conducted with a retrovirus, specifically Rous

sarcoma virus. In this case, the copy number or viral genome equiva-

lents integrated per cell (chicken embryonic fibroblast) treated with UV

radiation or 4-NQO at various time intervals before or after infection
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did not differ from that in untreated, infected cells. From this study,

it appears that the formation and repair of random single strand breaks

and gaps in cellular DNA did not facilitate integration of proviral DNA.
0

It was concluded in this case that integration appears to be restricted

to specific sites and suggests that the reaction is probably carried out

by a specific enzymatic mechanism (91).

Some of the chemicals used in our human fibroblast-ST-FeSV system

may have modes of action in addition to those discussed above in various

other studies. The purpose of this section of the research is to deter-

mine whether a difference exists in the number of genome copies of

ST-FeSV (specifically v-fes) integrated into host cells in the presence

of chemicals added either previous to or post-viral infection relative

to untreated, ST-FeSV infected human fibroblast cells. If carcinogenic

chemicals do not affect integration in our system, proviral synthesis,

transport of proviral DNA into the nucleus, or repression of integrated

proviral DNA may be affected, leading to inhibition of transformation by

any one or more of these mechanisms.

The Initial Method of Approach Used to Detect Integrated ST-FeSV in

Human Fibroblasts.

These methods, used previous to January 1983, involved the

following steps:

1) The culture and purification of feline leukemia virus

Kawakami-Theilen strain (KT-FeLV).

2) Purification of viral RNA from KT-FeLV.

3) Preparation of a radiolabeled complementary DNA (C-DNA) copy

of purified KT-FeLV RNA in an exogenous in vitro reaction using

avian myeloblastosis virus reverse transcriptase.

4) The use of the single stranded C-DNA probe in liquid hybridiza-

tion studies to detect homologous sequences in human fibroblast

DNA purified from cells previously infected with ST-FeSV and

treated with chemicals at critical time periods.

See diagram of this methodology on page 42.

40
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This approach was discontinued previous to the liquid hybridization

studies due to multiple problems arising from the use of KT-FeLV as a

K probe for the v-fes function of ST-FeSV and due to critical problems

with denaturation of KT-FeLV RNA and its unsuitability as a C-DNA

template. The methodology and results from the above approach will be

given, followed by a substantiating list of reasons for rejecting this

approach in favor of a more direct set of methods which could better

answer the same questions.

A) Culture and Purification of KT-FeLV Culture:

1) Fl-74 cells which continually produce and shed XT-FeLV were

grown in suspension culture in 0.15 gallon disposable glass roller

bottles. The complete medium used consisted of the following:

RPMI-1640 (GIBCO) containing 0.2% sodium bicarbonate plus -

15% Newborn Calf Serum (Sterile Systems)

I% L-Glutamine

2,000 units Penicillin/m1

0.1% Gentocin

The roller bottles were incubated at 370C on a roller apparatus.

Cells were seeded weekly (7-day intervals) at 1.2 to 1.4 x 106

cells/ml in 200 ml of the RPMI-1640 complete medium per roller bottle.

On day 5 the cells were fed an additional 200 ml of the RPMI-1640

complete medium per roller bottle.

The medium, containing shed virus, was harvested on day 8 and cells
SL were removed by centrifugation at 1500 RPM for 15 minutes prior to virus

purification.

2) The preceding culture regime was later modified. FL-74 cells

were seeded at 2.5 x 106 cells/ml in seven liters of complete RPMI-

) - 1640 medium. The cells were constantly suspended with slow stirring in

a 15 liter glass Bellco spinner flask at 370C. The culture medium con-

taining virus was harvested after only twelve hours of growth and ine-

diately clarified by means of centrifugation.

41
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3.-i

Fe LV-KT Production

FL-74 Cells

RPMI - 1640: 15% Newborn CS
1% L-Glutamine
2,000 /ml Penicillin
0.1% Gentocin

Roller Bottles Bellco Spinner FlaskI
Seeded 1.2 - 1.4 x 106 Seeded 2.5 x 106

cells/ml cells/ml

Feed on day 5 Harvest at 12 hours.

Harvest day 7

Purification (Based on References 13, 88, and 89):

1) Approximately 10 to 15 liters of harvested and clarified

culture medium was concentrated at 40C by membrane filtration using a

Millipore-Pellicon membrane filter unit with an exclusion limit of

100,000 molecular weight. Final concentration volume was approximately

800 to 1000 ml.

2) The concentrated culture medium was subjected to centrifugation

at 25,000 RPM for I hour at 4"C in the Beckman SW 27 rotor to concen-

trate the virus and exclude it from other high molecular weight com-

pounds concentrated from the medium (e.g. serum proteins).

3) The viral pellets were resuspended in IX TNE buffer, pH 7.4
(0.01 M Tris, 0.1 M NaCi, and 0.001 M EDTA) at 0eC. (From the original

15 liters, 12 pellets were obtained and resuspended in 5 ml of 1X TNE

per pellet.)
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4) The resuspended viral pellets were then layered onto 20-50%

linear sucrose density gradients prepared in lX TNE, pH 7.4 and centri-

fuged at 25,000 RPM for 1 hour at 40C in the SW 27 rotor. (Five ml

virus suspension is layered onto each of twelve 30 ml gradients).

5) The dense viral bands which sediment approximately half way

down in the gradients were harvested manually from above with a long

needle and syringe against a background of reflected light.

6) The combined viral fractions (approximately 150 ml) in sucrose

were dialyzed at 40C against IX TNE, pH 7.4. (Two changes of 6 liters

each at 1-day intervals were sufficient to reduce the sucrose concen-

tration to less than 1%.)

7) The dialyzed virus material was finally concentrated by centri-

fugation at 25,000 RPM at 40C in the SW 27 rotor for 1 hour.

8) The virus pellets were suspended in a total of 15 ml of IX TNE,

pH 7.4 and were stored frozen at -80°C prior to extraction of the RNA.

See the following flow chart of the purification procedure.

FeLV-KT Purification

Culture medium

Discard Cells 600 x g

illipore-Pellicon Filter Unit

concentrate 10-15 fold .

Centrifugation (25,000 RPM

SW 27 Rotor

1 hour)
Supernatant

Virus Pellets

Resuspended in IX TNE

20-50% Surcose Density Gradients

Dialysis against lX TNE

Ultracentrifugation -
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B) Extraction and purification Procedure for KT-FeLV RNA

(Based on References 13, 79, and 88.)

Methods:

All glassware and buffers used were made nuclease-free by treatment

with diethyl pyrocarbonate (Sigma). All steps were carried out at room

temperature unless othewise indicated.

I1) The KT-FeLV in 1X TNE, pH 7.4 was made 1.0% with SDS by adding

one-tenth volume 10% SDS in TNE, pH 7.4.

2) An equal volume of Proteinase K (Boehringer Mannheim; self-

digested at 600C for 20 minutes) at 1000 Mg/ml in 1X TNE pH 7.4 was

added such that the final proteinase K concentration was 500 Ug/ml.

This mixture was incubated for 30 minutes 370C

3) Two volumes of freshly prepared 1X TNE, pH 7.4-saturated phenol

were added and the mixture was stirred slowly at room temperature for 30

minutes to 1 hour.

4) The mixture was centrifuged at 1800 RPM for 10 minutes to sepa-

rate the upper aqueous phase and lower, more dense phenol fraction. The

aqueous layer was removed with nuclease-free pasteur pipets.

5) The aqueous phase was subjected twice more to steps 3 and 4.
(Three phenol extractions in total.)

6) The final aqueous phase was made 0.2 M with Na acetate by addi-

tion of one-tenth volume of 2 M stock Na acetate (nuclease-free).

7) Two volumes of cold absolute ethanol were added and the RNA was
precipitated during storage at 20oC for at least 24 hours.

8) The precipitated RNA was collected by centrifugation at 6,000

RPM for 2 hours in the SS 34 rotor of the Sorvall centrifuge at 0°C.

9) The RNA pellets were carefully decanted, drained and resus-
pended in as small a volume of IX TNE, pH 7.4, as possible (approxi-

mately 200 to 300 Jil per pellet).

10) The RNA was then layered onto 15-30% linear sucrose (nuclease-

free) gradients prepared in 1X TNE, pH 7.4. Approximately 300 Al were

Llayered onto 11.2 ml gradients.

11) Gradients were fractionated and scanned with an ISCO density

gradient fractionator and UV monitor.
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12) The peak fractions representing the viral 35 S RNA were col-

lected separately and the RNA was reprecipitated by adding one-tenth

volume of 2.0 M Na acetate and two volumes of absolute ethanol, and

storing at 200C.

13) The precipitated 70 S viral RNA was collected as in step 8 and

subjected to a second cycle in sucrose gradients (steps 8-12 are

repeated a second time). The final 70 S viral RNA preparation was

isolated following centrifugation, resuspended in IX TNE, pH 8.3, and

used to prepare a complementary DNA product.

Following is a flow chart of the KT-FeLV RNA isolation and

purification procedure.

FeLV-KT RNA Isolation

FeLV-KT in IX TNE

1% SDS
500 gg/ml Proteinase K

370C for 30 minutes

TNE saturated Phenol

3X

Aqueous Phase

2 volumes Absolute EtOH
0.2 M Na Acetate

I 6,000 RPM, SS34
90 minutes

15-30% Sucrose Density Gradients
0.2% SDS

I 38,000 RPM, SW41
3.75 hours.

35S and 70S RNA A
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Analysis of the RNA purified from KT-FeLV

Background:

U Retroviruses, in general, possess a 60-70 S single-stranded RNA

genome which exists as a dimer of two genetically identical RNA subunits

or molecules (28-35 S) (97). The functional significance of the dimer

is unknown and both subunits may function in replication. A region of

H-bonding holds the two subunits together. This region of H-bonding

occurs near the 5' end of each subunit molecule but its precise location

and structure are not absolutely known.

Other smaller molecules of lesser importance are thought to be

associated with retrovirus RNA through H-bonding, forming a type of

aggregate. These include a specific t-RNA associated with each dimer

subunit and which binds to the viral RNA dependent DNA polymerase and

functions in replication (35, 37). The RNA aggregate may also involve

cellular 4 S t-RNAS which are carried along with the virus as it buds

from the cell, as well as various R-RNAs (5 S, 18 S, and 28 S) which are

cellular in origin (15, 19, 31, 36, 55, 61, and 67).

Brian et al. (13) have analyzed the RNA of the Rickard strain of

FeLV produced by a permanently infected feline thymus tumor line

(F-422). They identified three size classes of RNA by gel electro-

phoresis. These included: 1) a 6.2 x 106 to 7.1 x 106 mol. wgt.

class sedimenting at 50-60 S and comprising 57% to 76% of the total

viral RNA 2) an 8.7 x 104 mol. wgt. class corresponding to the 8 S

RNA reported in murine sarcoma virus RNA (35, 61); 3) a 2.5 x 104

mol. wgt. class sedimenting with 4 S cellt"  : t-RNA and comprising 6% to

12% of the total viral RNA. If they assumed that the 50 to 60 S mole-

cule exists at the rate of one per virion, then the 8 S molecule is

present to the extent of 2 to 7 per virion, and the 4 to 5 S molecule is

present to the extent of 20 to 60 per virion. Brian et al. (13) con-

cluded that the 50 to 60 S (6.2 x 106 to 7.1 x 106 mol. wgt.) RNA of

FeLV-Rickard strain is composed of as few as two 3.2 x 106 mol. wgt.

subunits, or as many as four 1.8 x 106 mol. wgt. subunits.

Kimball and Rea (58) have also analyzed the RNA and its subunits

from various feline sarcoma-leukimia virus mixtures. They found that

RNA from the Snyder-Theilen feline sarcoma-leukemia virus complex
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(ST-FeSV-FeLV) sedimented in a double-peaked band from 50-70 S.

Gardner-Arnstein (GA) FeSV-FeLV RNA sedimented as a single 70 S peak.

ST-FeLV possessed RNA sedimenting as a single 70 S band, but F 422 FeLV - -

RNA sedimented more slowly at 50 to 60 S. After using thermal denatura-

tion to reveal subunit classes of RNA, they found that 3 subunit classes

existed in ST-FeSV-FeLV RNA: 35-37 S, 32-34 S, and 25 S. ST-FeLV pos-

sessed the 35-37 S subunit. The second class of 32-34 S was similar to

subunits found in F 422 FeLV RNA and minor components of GA-FeSV-FeLV

and ST-FeLV RNA. The 25 S subunit class was detected only in

ST-FeSV-FeLV RNA.

Figure 1

FeLV-KT RNA
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Because of the above findings, the evidence for KT-FeLV possessing

an RNA genome composed of identical subunit or dimer structure was

strong. Evidence for this was obtained by our sedimentation analysis of

purified RNA from FeLV-KT on sucrose density gradients (see Figure 1) in

which two peaks exist with sedimentation values of approximtely 35 S and

70 S.

Jm We chose to use the 35 S subunit rather than the 70 S molecule as

a template in preparing a complementary DNA copy in vitro. In theory,

the use of the subunit would provide additional RNA for use as a tem-

plate and its shorter length (relative to the 70 S molecule) would allow

for greater probability of continous and complete copying by the reverse

transcriptase enzyme.

Figure 2

FeLV-KT RNA
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Methods generally used to dissociate the retrovirus RNA aggregate

molecule into its separate subunits have included treatments with heat,

urea, formamide, formaldehyde, and dimethyl sulfoxide (3, 23, 30, and

58). We used heating to dissociate the 70 S RNA of KT-FeLV into its

component subunits. The 70 S RNA (twice purified through sucrose

density gradients) in 0.01 N Tris, 0.1 N NaC1, 0.0001 M EDTA - 0.2% SDS,

pH 7.4, was heated in boiling water for 45 seconds, chilled on ice, and

analyzed in 15-30% surcose density gradients (see Figure 2) as used for

preparative isolation of the 70 S RNA previously.

Results:

The heated 70 S RNA sedimented in a rather broad band in the top

one-third of the gradients with a sedimentation range of approximately

5-25 S (see Figure 2 on page 49). This indicated that the RNA no longer

represented intact 35 S subunits but had dissociated into a range of

many smaller pieces after heat denaturation. Further analyses using .. .

different heating times produced similar results in all cases. The 70 S

RNA molecule had shown no evidence of nuclease degradation or nicking in

preparative isolation procedures in sucrose gradients. It sedimented at

the 70 S position as determined by the use of 16 S and 23 S markers from ...

E. coli. However, a broad, highly absorbing (260 nm) peak was always

present in the top one-third of the gradients (see Figure 1 on page 48)

which provided some evidence that there was degradation of total RNA

isolated from the FeLV preparations.

We became aware of the fact that the age of the FeLV at the time of

purification was critical in obtaining RNA free of nicking due to

nucleases (Paul Kimball - Battelle Memorial Institute, Columbus, Ohio -

Personal Communication). Brian et al. (13) have noted variation in the

characteristics of FeLV RNA (Rickard strain) with age of the virus.

They found that the electrophoretic mobility of the 50 to 60 S molecule

was variable depending upon the length of time the virus was grown.

High molecular weight RNA from virus which had been labeled for 20 hours

had an apparent mol. wgt. of 7.1 x 106 whereas RNA from virus labeled

for 4 hours had an apparent mol. wgt. of 6.4 x 106. East et al. (33)

had similar findings in which the sedimentation coefficients for the

Rickard strain of FeW were measured to be 58 S and 50 S, respectively,

for 20-hour and 2-hour-old viral RNA.
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Several workers have attempted to explain such discrepancies on the

basis of a matruational process in which the RNA undergoes modification

in the virion after budding, causing it to sediment at a faster rate

(15, 19, 32, 33). Immature Rous sarcoma virus (3 to 60 minutes old)

contains subunits from 15 to 60 S which apparently assemble into the

larger 68 S molecule.

Assembly of a 58 S molecule in murine sarcoma virus (32) and FeLV

(33) is suggested to occur from two or more 50 S molecules. Brian et

al. (13) postulate that even though no RNA species ranging from 8 to 50

S were identified in FeLV harvested at I hour intervals or after 4 hours

labeling, that any assembly process occurring between 4 and 20 hours

which gives rise to a 60 S molecule would seem to occur between two or

more 50 S species or i 50 S and smaller (4 to 8 S) molecule.

Brian et al. (13) also offered a further explanation. The dena-

r tured high molecular weight subunits from 20-hour FeLV RNA were shown to

electrophorese and sediment with a more heterogenous pattern than the

same RNA species from 4-hour-old viruses. They felt it was possible

that nicks harbored within the loops of an aggregate molecule (20-hour)

might allow secondary structural changes to occur (perhaps ends of loops

would become more tightly folded) thereby creating a slower electro-

phoretically migrating or faster sedimenting molecule compared to the

unnicked aggregate (4-hour). It has been shown that 60 to 70 S

molecules of Rous sarcoma virus RNA apparently retain their aggregate

Kstructure in the presence of nicks which are revealed only after the
aggregate has been denatured (2).

We felt this could explain the phenomenon which we observed with

KT-FeLV RNA. Even though the 70 S molecule was nicked, such nicks were

not revealed in sucrose density sedimentation analyses until the mole-

cule was heat denatured. Due to the extreme age of the virus we used

initially (7 days old) the RNA probably was highly assembled into an

aggregate structure and held together in 70 S form through a high degree

of intermolecular H-bonding, which was dissociated on heating.

Therefore, such nicks were only revealed by denaturation studies as

51



evidenced by the broad band of low molecular weight RNA molecules which

we observed in sucrose density gradient profiles. Apparently such RNA

degradation occurs in FeLV grown for more than 3 hours (Paul Kimball,

Battelle Memorial Institute, Columbus, Ohio; and Leland Velicer,

Michigan State University, East Lansing, Michigan - Personal Communica-

tions). The KT-FeLV RNA which we had been isolating (even 12-hour cul-

tures) was not suitable for preparing a complementary DNA copy because

the nicked regions precluded continuous copying of the full length of

the RNA molecule.

No substantial differences were noted in the character of the

native and heat denatured RNA profiles from KT-FeLV grown for either 7

days or 12 hours other than a lower recovery with 12-hour-old virus.

Denaturation of the RNA is a risk with FeLV grown in culture for more

than 3 hours. The ability to obtain sufficient quantities of FeLV using

such short culture times essentially requires automatic harvesting -

equipment (Leland Velicer, Michigan State University, East Lansing,

Michigan - Personal Communication).
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(C Preparation of radiolabeled complementary DNA (C-DNA) to KT-FeLV

(Based on References 22, 72, 78.)

Methods

The following components were added in order to the final

1 ml reaction.
U

Stock Concentration Final Concentration

1) Tris-HCl, pH 8.1 500 mM 50 mm
40 Hi

2) Double Distilled Deionized
H20-120 ul

3) MgC-10 ul 800 mM in H0 8 mM

MC2-1 2

4) d ATP 10 mM in 50 mM 1 mM each
d TTP Tris-HCI, pH 8.1 -

d GTP
100 ml combined mixture

32
5) P-d CTP 2-4 mCi

1 (300-400 Ci/mM
specific activity)

6) 2-mercaptoethanol 2 M in H20 20 mM
10 &i1

7) FeLV RNA, 35 S or 70 S 250 mg/ml in 50 mM 50 g/ml
200 ml Tris-HCl, pH 8.1

8) Calf Thymus Primers 2.5 mg/200 ml 2.5 mg/ml
200 al in 50 mM Tris-HCl,

pH 8.1

9) Bentonite-80 Mi 1 mg/ml in H 20 80 Hg/ml

10) AMV Reverse Transcriptase 19,000 units/mi in 750 units/ml
40 ul Non-Tris buffer

- 11) KCI-100 9i 1.4 M in H20 140 mM

53



Incubation was for 3 hours at 370C in capped plastic microfuge

tubes which were siliconized and treated for nuclease contamination.

The oligonucleotides of the calf thymus DNA primer mixture were

generated by digestion of 1.0 mg of calf thymus DNA (Sigma) with 70 9g

DNase I (Sigma) per ml in a reaction containing 10 sM Tris-HC1, pH 7.4

and 10 mM MgC12 at 370C for 2 hours. Afterward the DNase I was

inactivated by heating at 1210C for 10 minutes. The initial DNA

concentration was used as the measure of the primer concentration.

(Active primers in such a mixture are approximately 8-15 nucleotides in

length).

The following procedures which were used to terminate the C-DNA re-

action. (These methods were based on those of Retzel et al., Ref. 72.)

1) Following the three-hour incubation, an equal volume of a solu-

tion consisting of 100 sM EDTA, 1% SDS, and I mg Proteinase K/ml pre-

pared in 50 mM Tris-HC1, pH 8.1 was added and the mixture was incubated

for 30 minutes at 370C.

2) This mixture was diluted to 5 ml with 50 mM Tris-HC1, pH 8.1

containing 0.1 M NaC1.

3) The 5 ml mixture was extracted with an equal volume of phenol:

chloroform: isoamyl alcohol (25:24:1). The phenol was first saturated

with 50 mM Tris-HC1, pH 8.1. Extraction was for 30 minutes at room tem-

perature with gentle stirring. The mixture was then centifuged at 2,000

RPM for 15 minutes and the upper aqueous phase was collected.

4) The aqueous phase was treated for 10 minutes at 650C with 0.25

N NaOH to hydrolyze the template RNA. The mixture was then neutralized

with HC1.

5) The aqueous phase containing the C-DNA was placed at -200C

after adding 2 volumes of cold absolute ethanol and one-tenth volume of

2 M Na acetate to precipitate the C-DNA.

6) The single-stranded C-DNA was collected by centrifugation and

separated from calf thymus primers and unincorporated nucleoside tri-

phosphates by gel filtration on Sephadex G-50 using 50 mM Tris-HC1 for

elution at pH 8.1.
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7) The pure C-DNA was precipitated again at -200C with ethanol and

Na acetate and was concentrated by centifugation, resuspended in a small

volume of 50 ms Tris-HC1, pH 8.1 and stored at -80OC. p

Analyses of Complementary DNA Products on Agarose Gels for Size Deter-

mination (Based on the Methods of McMaster and Carmichael, Ref. 70.)

This method employed denaturation of nucleic acids and their

reaction with glyoxal, followed by electrophoresis in a slab gel system.

Glyoxalation introduces an additional ring onto guanosine residues which

sterically hinders the formation of G-C base pairs and therefore the

renaturation of native structure, allowing for a much more accurate

determination of molecular weight.

DNA samples were incubated in capped plastic microfuge tubes

(nuclease-treated and siliconized) for one hour at 500C in 1.0 M

glyoxal, 50% (vol/vol) dimethyl sulfoxide (Me2SO), and 10 utl

NaH2PO4/Na2HPO4, pH 7.0. Control samples were treated identi-

cally but in the absence of glyoxal and Me2SO. Oxidation products

were removed from glyoxal immediately prior to use by passing the

glyoxal solution 4 times over a column of mixed bed ion-exchange resin

AG-501-X8 (Bio-Rad).

After incubation, the samples were cooled to room temperature.

Sucrose was added to 5% just before electrophoresis. The samples were

electrophoresced in 1.2% agarose horizontal slab gels prepared in 10 nM

NaH2PO4/Na2HPO4 , pH 7.0 which also served as the running buffer.

Electrophoresis was at a constant current of 45 mAmps for two hours at

room temperature. Bromophenol blue at 0.25% in 50% glycerol served as a

marker dye. DNA molecular weight markers included the Eco R I and Hind

III digests of Lambda DNA (Boehringer Mannheim).

We found that the C-DNAs obtained from both 35 S and 70 S RNAs were

the same size regardless of whether the virus was grown for a short cul-

ture time (12 hours) or a much longer time (7 days). The glyoxal treat-

ment used to denature the C-DNA for sizing in gels provided evidence

that the C-DNAs existed as a heterogeneous, small size range with the
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majority predominantly less than about 500 bases in size. Accurate size

determinations were difficult as no-good, single-stranded DNA markers

were available commercially and alkaline denaturation of double-stranded

DNA markers results in a smear in the gel due to nicking of these com-

mercial preparations during storage. The short length copies of C-DNA

which we obtained to KT-FeLV RNA were not very suitable as hybridization

probes and reflected the denatured state of the RNA used as a template.

Reasons for Abandoning the Use of C-DNA Prepared to KT-FeW as a Probe

for ST-FeVL Proviral DNA SXnthesized and/or Integrated into Human Skin

Fibroblasts.

Approximately only 35.90% of the ST-FeLV genome is homologous to

that of ST-FeSV RNA (79). The degree of homology between KT-FeLV and

ST-FeSV is less well known. Homologous regions of ST-FeLV and ST-FeSV

include the 2ag region of the 5' end which codes for group specific

antigens, a portion of the 5' end of the envelope gene, and the small c

or common region of the 3' end which represents a sequence also present

in normal cat cellular DNA. Please see the following Figures 3 and 4 on

pages 57 and 58 which demonstrate the homology between the 8.5 Kilobase

pair (Kbp) genome of ST-FeW and the 5.0 Kbp genome of ST-FeSV (79). -.

The pol region which codes for reverse transcriptase function is

not present in FeSV and the unique v-fes or sarcoma gene function of

FeSV has no counterpart in the helper leukemia virus. It is known that

proviral DNA synthesis is initiated approximately 100 base pairs from

the 3' end of the 5' ETR (or LTR-long terminal repeat) on the RNA tem-

plate and then jumps to the 3' LTR before proceeding with the synthesis

of the minus DNA proviral strand in a 3' to 5' direction (95).

The conditions of our complementary DNA synthesis in vitro allowed

only for a single-stranded copy to be made which was not full length due

to degradation of the viral RNA. Such a C-DNA to FeW RNA would possess

very little homology to FeSV RNA including only a small region of the

gag gene, the c region, and possibly a small portion of the env gene.

I
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Figure 3

Provirol DNA

5' 3'

iI I I I I I I I d
0 I 2 3 4 5 6 7 8 Kbp

FeLV-ST ETR
ETR 1  2 3 4 5 ,6 7 811 1 pog Ii - -_ L -- L 8.5 Kbp

pol I env c _

FeSV-ST

~ 5.0 Kbp
gag env c

v - fes

- After Sherr, C.J., et l., J. of Virology 34* 200-212, 1980.
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Figure 4

FeLV: FeSV Heteroduplex

1.6 1.5 .1V
513

3.9
Numbers on map are in terms of Kilobase pairs.

w ~ 65.12 % of FeSV homologous to FeLV
35.90% of FeLV homologous to FeSV

After Sherr, C.J., et a , J. of Virology 34* 200-212, 1980.-
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Futhermore, all of these regions would be present in the FeLV proviral

DNA which integrated at the time of FeSV infection. FeSV always exists

in nature as mixture with the helper FeLV which furnishes the pol and

env functions which it lacks. Hence a C-DNA to FeLV RNA does not

provide a specific probe for the transforming or v-fes function of

ST-FeSV.

Due to the time restrictions causing our lack of capability to

produce the large quanties of 3-hour-old FeLV required for an intact,

undegraded RNA template, and due to the inherent problems in probing for

integrated v-fes sequences with a C-DNA probe to FeLV-RNA, it was

decided to adopt a new approach to this research problem.

Use of Cloned v-fes as a Probe in Identifying ST-FeSV Proviral DNA in

Human Skin Fibroblasts by Dot-Blot Hybridization

The cloning of the v-fes gene of ST-FeSV provided a valuable tool

in improving the specificity of FeSV proviral DNA detection in our

research study. The cloned v-fes gene which we used was provided as a

gift from Dr. Genoveffa Franchini at the National Cancer Institute. We

were, in fact, provided with two separate clones prepared in pBR322

plasmid. The first if these clones, referred to as SL , includes the

left (5'-3') Pst I digestion fragment of the v-fes region and the

second, referred to as SR, includes the right Pst I digestion fragment

of the v-fes region. Each fragment (approximately 0.5 Kilobase pairs

long) was separately subcloned into the ampicillin-resistance gene of

the plasmid vector pBR322 (39). The SL cloned region was used

throughout our studies to detect v-fes homology.

The methodology for this new approach involved basically four

different steps:

1) Human skin fibroblasts (Detroit 550-ATCC) were grown in vitro

and treated with known chemical carcinogens or noncarcinogenic analogs

at two hours pre- or post-infection with ST-FeSV.
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2) Nuclear and cytoplasmic fractions were isolated from chemically

treated and ST-FeSV infected fibroblast and these were extracted and

purified for subsequent sonication, sizing and quantitation of the DNA ....

from each.

3) The v-fes gene cloned in plasmid pBR322 was propagated in E.

coli 1K802 strain and was subsequently isolated and purified. Plasmid

pBR322 (native, no cloned genes) provided by Dr. John Reeve, The Ohio

State University, Columbus, Ohio, was propagated in E. coli D5410

strain. Both plasmid pBR322 and isolated v-fes DNA were radiolabelled

with 3 2P by Nick-translation for use as probes in nucleic acid

hybridization studies.

4) Dot-Blot hybridization (56, 87) of 3 2P-labelled plasmid or

v-fes DNA to cellular DNA was done to detect homology or to quantitate

the genome numbers of v-fes which were present in host nuclear or cyto-

plasmic DNA. Dot-Blot hybridization was chosen as an alternative to

liquid hybridization to avoid problems with hybridization kinetics and

for its convenience and economy in terms of the amounts of nucleic acid

required.

A. Methodology

1) Culture and Cocarcinogensis Transformation of D550 Human Fibroblast
Cells

a) Culture of Detroit 550 Human Fibroblast Cells

(American Type Culture Collection).

These cells were grown in Corning 490 cm2 tissue culture roller

flasks on a roller apparatus at 376C in the following complete medium:

Minimum Essential Medium-Earle's Salts (MEM-E, GIBCO)

0.22% Na Bicarbonate

10% Fetal Calf Serum

1% Non-Essential Amino Acids

1% Sodium Pyruvate

1% L-Glutamine

1% Gentocin

(100 ml per Flask.)
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Cells were seeded at approximately 6 x 106 cells per roller flask

and grown to confluency. The cells from each confluent flask were

passaged into 2 to 3 flasks until adequate numbers were grown for

cocarcinogensis transformation studies.

b) Cocarcinogensis Transformation of Detroit 550 Cells

Forty 490 cm2 tissue culture roller flasks at approximately 80%

confluency and between passages 20 to 30 (10 x 106 cells per flask)

were used for each transformation experiment to provide sufficient cel-

lular DNA for subsequent hybridization experiments. Following is the

list of compounds which were administered in different experiments,

their concentrations, and time of administration relative to ST-FeSV

infection.

Time of Chemical Treatment
Relative to Infection with

Final 6.0 x 103 Focusing Forming
Compound Concentration UNITS of ST-FeSV (in 5 ml).

Hdydrazine 60 pp - 2 and + 2 hours

Mono-methyl Hydrazine 100 ppm - 2 and + 2 hours

Symmetrical Dimethyl 100 gg/ml - 2 and + 2 hours
Hydrazine

Unsymmetrical Dimethyl 100 g/ml - 2 and + 2 hours
n Hydrazine

Benzo(a)pyrene 10 ug/ml - 2 and + 2 hours

Pyrene 10 Ma/ml - 2 and + 2 hours

Phenyl- a-Naphthylamine 10 Mg/ml + 2 hours

Detroit 550 cells--untreated with chemicals and uninfected, and

Detroit 550 cell infected with ST-FeSV only and untreated will serve as

controls.
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The step-by-step procedures involved in the cocarcinogensis

transformation of Detroit 550 cells were as follows: Forty roller

flasks of D 550 cells at 80% confluency of growth (about 10 x 106

cells per flask) were used for each experiment.

Procedure for Administration of Compound 2 Hours Prior to ST-FeSV
Infection.

1) Aspirate medium from roller flasks. -1

2) Add 20 ml of compound (cocarcinogen) at the desired concen-

tration in complete MEM-E/Na medium containing 10% fetal bovine serum

(FBS) to each roller flask and incubate 370C for 1.5 hours.

3) Aspirate compound (cocarcinogen) off and wash with complete

MEM-E/Na.

4) Add DEAE-Dextran at 40 g/ml prepared in complete MEM-E/Na

medium (no FBS) using 5 ml per culture flask. (DEAE-Dextran enhances

virus absorption and penetration into the cells by altering the cell

surface charge characteristics.) Incubate at 370C for 20 mintes.

5) Aspirate off DEAE-Dextran.

6) Infect D 550 cells with ST-FeSV at approximately 1.22 x 103

focus forming units/ml (FFU/ml) in MEM-E/Na medium containing 5% FBS

using 5 ml per culture flask. Incubate at 370C for 2 hours.

7) Aspirate off virus.

8) Add 50 ml of complete MEM-E/Na medium (10% FBS) to each culture

flask. Allow cells to grow an additional 6 days at 370C.

9) Harvest cells by trypsinization, pellet by low speed centri- --

fugation (1000 RPM for 10 minutes), and store frozen at -806C.

Procedure for Adminstration of Compound 2 Hours After ST-FeSV Infection.

1) Aspirate medium from roller flasks.

2) Add DEAE-Dextran at 40 Ug /ml prepared in complete MEM-E/Na

medium (no FBS) using 5 ml per culture flask. Incubate at 370C for 20

minutes.

3) Aspirate off DEAE-Dextran. -

4) Infect with ST-FeSV at 1.22 x 103 FFU/ml in MEM-E/Na medium

containing 5% FBS using 5 ml per culture flask. Incubate at 370C for 2

hours.

5) Aspirate off virus.
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6) Add 20 ml of compound (carcinogen) at desired concentration in

complete MEM-E/Na medium containing 10% FBS to each roller flask and

incubate at 370C for 1.5 hours.

7) Aspirate compound off and wash with 5 ml complete MEM-E/Na.

8) Add 50 ml of complete MEM-E/Na medium (10% FBS) to each culture

flask. Allow cells to grow an additional 6 days at 376C.

- 9) Harvest cells by trypsinization, pellet by low speed

centrifugation (1000 RPM for 10 minutes), and store frozen at -800C.

Following is a flow chart which clarifies and condenses the

cocarcinogensis transformation format.

Co-Carcinogensis Transformation of D Cells
550-ll

40 Roller Flasks
(50-80% Confluent)

Pre-Infection PotInfection

Chemical DEAE-Dextran

I (40 q/ml)
1.5 hours.

20 minutes
Wash

(MEME + 10% FCS) FeSv(FeLV)-ST

I 6.10 x 103 FFU/Flask

1 2 hours.

DEAE-Dextran Chemical
(40 g/ml)

1.5 hours.
20 minutes

FeSV(FeLV)-ST Wash

6.10 x 103 FFU/Flask (MEME + 10% FCS)

Feed Feed
(MEME + 10% FCS) (MEME + 10% FCS)

Harvest Cells
Pellet by Centrifugation

Freeze at -809C
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2) Purification of Nuclear and Cytoplasmic DNA From D 550 Cells Used

in Cocarcinogensis Transformation Studies or Which Served as

ST-FeSV Infected of Non-infected Controls.

a) Separation of Nuclear and Cytoplasmic Fractios From Human

Fibroblast Cells. (Methods based on Ref. 44.)

The cell pellet (aproximately 4-5 ml in volume) was suspended in 30

"I of hypotonic buffer consisting of 0.01 M Tris-KC1, pH 7.4, 0.01 M

NaCI, and 0.003 M MgC12. The cells were allowed to swell for 20 min-

utes. Ten ml of a mixture of 6.7% Tween 40 (v/v) and 3.3% Na deoxycho-

late (w/v) were added and the cells were lysed with 10-20 strokes in a

tight fitting Dounce homogenizer. This resulted in complete lysis of

cells without apparent lysis of nuclei.

The cell lysate was centrifuged for 10 minutes at 4,000 RPM in a

Sorvall SS34 rotor. The cytoplasmic supernatant was decanted and saved.

The nuclei were resuspended in hypotonic buffer and recentrifuged (10

minutes at 4,000 RPM.) The second cytoplasmic supernatant fraction was

combined with the first.

The nuclear pellet was then taken up in 10 ml of hypotonic buffer

and again 1.5 ml of a 6.7% Tween 40 (v/v) and 3.3% sodium deoxycholate

(w/v) was added. This suspension was vortexed for 2-3 seconds and the

nuclei were sedimented a third time (10 minutes at 4,000 RPM). A fourth

resuspension in hypotonic buffer and resedimentation of the nuclei was

done. This freed the nuclei of all traces of cytoplasmic material. The

four cytoplasmic fractions were combined and frozen at -80oC.

b) Extraction and Purification of High Molecular Weight Nuclear

DNA from D 550 Human Fibroblast Cells. (Methods were modifica-

tions of those reported in References 14 and 41.)

All glassware used throughout the extraction was siliconized and

treated with diethyl pyrocarbonate to remove nucleases.

1) The nuclear pellet (from 40-490 cm2 roller bottles) was

resuspended in 9 ml of 1X TNE buffer, pH 8.0 (0.01 N Tris-HC1, 0.1 M

NaCI, and 0.001 M EDTA).

2) One-tenth volume (1 ml) of 5.0% SDS prepared in TNE, pH 8.0 was

added to the nuclear suspension to disrupt the nuclear membranes.

3) An equal volume (10 ml) of Proteinase K (self-digested at 600C

for 20 minutes) at 1000 ug/ml was added (500 Mg/ml final concentration)

and the mixture was incubated at 370C for 2 hours.
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4) The digested mixture was extracted three separate times with an

equal volume of TNE, pH 8.0, saturated phenol: chloroform: isoamyl

alcohol (25:24:1). Each extraction was stirred slowly at room tempera-

ture for 30 minutes periods.

5) The phases were separated by centrifugation at 2,000 RPM for 15

minutes. The upper aqueous phase was collected from each extraction

with siliconized Pasteur pipets.

6) DNA was precipitated from the final aqueous extract by addition

of 2 volumes of cold, absolute ethanol and one-tenth volume of 2 M Na

acetate, pH 5.0 followed by storage for approximately 48 hours at -200C.

7) The precipitated DNA was spooled out on a siliconized glass rod

and resuspended in 4 ml of TNE buffer, pH 8.0. At this time the DNA was

sonicated on ice for I minute using 3 separate 20 second sonications.

The sonication enhanced solubility of the DNA and reduced the size

length to allow for increased efficiency of hybridization.

8) The sonicated DNA was treated with an equal volume of RNase A

(Sigma) at 100 Mg/ml (50 gg/ml final concentration). Incubation was at

370C for 2 hours.

9) The RNase treated DNA was then digested with nuclease-free

pronase at a final concentration of 10 mq/ml for an additional 2 hours

at 370C.

10) RNA present in the mixture was then hydrolyzed by heating at

650C for 10 minutes with 0.25 M NaOH.
k 11) Following neutralization with HCI, the DNA was extracted with 2

volumes of TNE, pH 8.0 saturated phenol: chloroform: isoamyl alcohol

(25:24:1).

12) DNA was precipitated from the aqueous phase by addition of 2

volumes of cold absolute ethanol and one-tenth volume of 2 H Na acetate,

pH 5.0, followed by storage at -20-C for 48 hours.

13) The nuclear DNA was collected by centrifugation for 2 hours at

6,000 RPM using the Sorvall HB-4 rotor in a Sorvall centrifuge at 0C

and resuspended in a small volume of IX TE buffer pH 8.0 (0.010 N Tris-

HCI, 0.001 M EDTA).
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14) The DNA was quantitated by measuring its optical density at 260

nm (50 jg of double stranded DNA is approximately equal to 1 0.D. at 260

nm) and its purity was determined by the 260/280 nm ratio which should - I
be 1.8 for pure DNA. The DNA quantitation was confirmed by a second

method which involved diluting a small quantity of it and mixing it with

a known concentration of ethidium bromide. The fluorescene was then

compared to that of a known dilution series of calf thymus DNA

standards, which had been mixed with a similar concentration of ethidium

bromide (68).

c) Purification of Cytoplasmic DNA from D 550 Human Fibroblast

Cells

The methods used for purification of cytoplasmic DNA were

essentially the same as those used of nuclear DNA with the following

modifications.

1) In order to reduce the large volume of the cytoplasmic frac-

tions (approximately 100 ml per 40-490 cm2 roller bottles) and to

avoid using tremendous quantities of Proteinase K for digestion, the

cytoplasmic fraction was initially extracted at room temperature with 2

volumes of TNE saturated phenol: chloroform: isoamyl alcohol (25:24:1.)

Usually one-tenth volume of 5% SDS in TNE, pH 8.0 was added prior to

extraction to assist somewhat in breaking up the emulsified nature of

the aqueous phase. The upper aqueous phase was separated by centrifuga-

tion at 2,000 RPM for 15 minutes and the DNA was precipitated at -200C

following the addition of 2 volumes of absolute ethanol and one-tenth -

volume of 2 M Na acetate, pH 5.0.

2) The precipitated DNA was collected by centifugation at 6,000 RPM

for 2 hours at 0*C in the GSA rotor of a Sorvall centrifuge. This DNA

was resuspended in 20 ml of IX TNE, pH 8.0 and at this time treated with

an equal volume of Proteinase K at 1000 Mg/ml (500 ug/ml final concen-

tration) for 2 hours a 370C. Sonication of cytoplasmic DNA was not

necessary as it was already of sufficiently low molecular weight as to

hybridize readily. Following extractions with TNE saturated phenol:

chloroform: isoamyl alcohol (25:24:1) and precipitation at -200C, the
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cytoplasmic fractions were treated identically to the nuclear fractions

including treatment with RNase A, pronase, and RNA hydrolysis. RNase A

digestion was conducted at a final concentration of 100 mg/ml or twice

that used for nuclear DNA due to the large amount of contaminating RNA

in the cytoplasmic fractions. Quantitation was the same as that for

nuclear DNA.

3) Propagation, Purification, and Radiolabelling of Plasmid DNA and theU
DNA of the v-fes gene of ST-FeSV.

a) Propagation of plasmid DNA.

E. coli strains D 5410 bearing pBR322 and K802 bearing cloned v-fes

in pBR322 were both propagated in Ziria-Bertani (LB) medium consisting

of 10 gm Bactotryptone, 5 gm Bacto yeast extract, and 5 gm NaCI per

liter. Magnesium chloride at 10 M concentration was also routinely

added. Tetracycline at 10 pg/ml was included in the selective medium

used to grow the SL or SR subclones of v-fes (cloned in the ampi-

cillin resistance gene) to exclude unwanted mutants, and ampicillin at

50 Mg/ml was included in the LB medium used to propagate strain D 5410.

The E. coli strains were grown in 400 ml quantities in the dark at

370C in shaker culture for 24 hours at which time the optical density

was approximately 1.0 to 2.0 or until the cultures had reached log phase

(approximately 4 x 108 cells/ml). At this time, chloramphenicol at

200 Wg/ml was added to amplify plasmid DNA replication and shut down

bacterical chromosomal DNA synthesis (20). Incubation at 370C was con-

* tinued for an additional 24 hours prior to purification of plasmid DNA.

The various strains of E. coli were frozen down in LB medium plus

20% glycerol in liquid nitrogen for long term storage.

b) Purification of Plasmid DNA.

,- These methods were based on those used by Dr. John Reeve (The Ohio

State University, Columbus, Ohio - Personal Communication) and on those

presented by R. W. Davis et al. (27).

1) Approximately 1200 ml of culture fluid containing E. coli,

bearing plasmid DNA, was clarified by centrifugation at 5,000 RPM for 20

minutes in the GSA rotor of a Sorvall centrifuge at 40C.
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2) The sedimented cell pellets were washed by resuspension in 40 ml

of 25% sucrose prepared in 0.05 M Tris-HC1. pH 8.0.

3) The cell suspension was split and the cells were resedimented in

each of 2 plastic centrifuge tubes (approximately 20 ml capacity) by

centrifugation at 10,000 RPM for 10 minutes in the SS34 rotor of a

Sorvall centrifuge at 40C.

4) Each of the two cell pellets was resuspended in sufficient 25%

sucrose in 0.05 M Tris-HC1, pH 8.0 to make a total volume 4 ml. (This

was done directly in the plastic tubes used for sedimentation with a

diameter of approximately 2.5 cm.)

5) 0.8 ml of lysozyme (Sigma) at 20 mg/ml (prepared fresh) in 0.25

M Tris-HC1, pH 8.0 was added to each tube and the mixture was swirled on

ice for 5 minutes.

6) 1.6 ml of EDTA (Sigma) in 0.25 M Tris-HC1, pH 8.0 was then added

to each tube and the mixture was swirled on ice for an additional 5

minutes.

7) Finally, 6.4 ml of lytic mix consisting of 2% Triton X-100, 50

mM Tris-HC1, pH 8.0, and 50 mM EDTA was added to each tube and the

lysate was allowed to clear for 20 minutes on ice. If the mixture did

not clear well, it was heated at 370C for approximately 1 minute.

8) At this time a clearing spin was done to pellet large molecular

weight chromosomal DNA from E. coli. The cleared lysates were centri-

fuged for 1.5 hours at 15,000 RPM and 40C in the SS34 rotor of a Sorvall

centirifuge. The clear supernatant containing plasmid DNA was carefully

removed with the aid of a Pasteur pipet.

9) The volume of the supernatant, containing plasmid DNA was

measured, and for every ml, exactly 2 gm of solid cesium chloride was

added and the mixture was swirled gently until all salt was dissolved.

10) 0.8 ml of ethidium bromide solution (10 mg/ml in distilled

H20) was added for each 10 ml of CsC1 solution, and the preparation

was mixed well and kept out of direct light. This procedure should

result in a final density of 1.5 gm/ml n r - 1.380) and the concen-

tration of EtBr should be approximately 600 Mg/ml.
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11) The equilibrium density gradients were centrifuged for at least

48 hours at 41,000 RPM in the SW 50.1 rotor of a Beckman, Model LB-80

0 ultracentrifuge at 150C.

12) The DNA containing bands were viewed by illuminating the tubes

with long-wavelength UV radiation. The upper band contained linear,

bacterial DNA and nicked, circular plasmid DNA. The lower band con-

tained covalently closed circular plasmid DNA and was collected by

puncturing the side of the tube with a 20 guage syringe needle.

(Relaxed DNA: P = 1.55 gm/ml)

(Native Superhelical DNA: P = 1.59 gm/ml)

13) Ethidium bromide was removed from the plasmid DNA in CsC1 by

adding 1 volume unit of isopropanol saturated with aqueous 5 M NaCt, 10

mM Tris, and 1 mM Na2EDTA, pH 8.5. The mixture was shaken vigorously

and the phases were allowed to separate on ice. The colored upper phase

was discarded. The extractions were repeated until all visible color

was removed and the DNA was then extracted one more time.

14) Two volume units of H20 and 6 volume units of cold, absolute

ethanol were added to the DNA and the mixture was placed at -200C for

a Lone to several days to precipitate the DNA.

15) The DNA was sedimented by centrifugation at 6,000 RPM for 2

hours in the HB-4 rotor of a Sorvall centrifuge at 0C.

16) The plasmid DNA was resuspended in 5 ml of IX TE buffer, pH 8.0

and digested with an equal volume of nuclease-free Pronase at 200 Ag/ml
(100 Ug/ml final concentration) for 2 hours at 370C.

17) The digested DNA was extracted by mixing with 2 volumes of TE-

saturated phenol: chloroform: isoamyl alcohol (25:24:1) for 30 minutes

at room temperature. The phases were separated by centrifugation at

2,000 RPM for 15 minutes and DNA was precipitated from the upper aqueous

phase by addition of 2 volumes of cold, absolute ethanol and one-tenth

volume of 2 M Na acetate, pH 5.0, and storage at -200C for at least 48

hours.

18) This plasmid DNA was subjected to a second cycle of equilibrium

density gradient centrifugation as described in steps 9-15 for further

purification DNA was finally dissolved in a small volume of IX TE,

pH 8.0 (100-200 MI) and stored at 46C.
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c) Restriction Endonuclease Digestion and Purification of v-fes DNA

from the ST. Subclone.

The restriction endonuclease digestion was based upon those proce-

dures presented by T. Maniatis et al., (Ref. 68.). Restriction

endonuclease digestion was conducted in a I ml reaction mixture.

1) 802 Ml of sterile, distilled, nuclease-free H20 was placed in

a nuclease-free microcentrifuge tube (1.5 ml capacity) along with 50 Mg

of pBR322 DNA containing the SL subclone of v-fes.

2) 100 MI of 10 X medium salt restriction endonuclease buffer (500

mM NaCi, 100 mM Tris-Hq1, pH 7.5, 100 mM MgSO4, and 10 mM

Dithiothreitol) was added and mixed on ice.

3) Finally, 50 units of Pst I restriction enzyme (Miles) was added.

The tube was mixed by tapping and incubated at 350C for 1.5 hours.

4) The reaction was terminated by adding 20.4 91 of 0.5 M EDTA, pH

7.5 resulting in a final concentration of 10 mM.

5) The total mixture was extracted once with TE-saturated phenol:

chloroform: isoamyl alcohol (25:24:1) and once with chloroform: isoamyl

alcohol (24:1), each time with gentle stirring for 30 minutes at room

temperature. The aqueous phases were collected by centrifugation at

2,000 RPM for 15 minutes.

6) DNA was precipitated from the final aqueous phase by addition of

two volumes of absolute ethanol and one-tenth volume of Na acetate, pH

5.0 and storage at -200C for one to several days.

7) Precipitated DNA was sedimented by centrifugation at 6,000 RPM .1

for 2 hours in the HB-4 rotor of a Sorvall centrifuge at 0°C. Digested

DNA was resuspended in 0.5 ml of 1X TE, pH 8.0 per 50 ug starting

plasmid DNA.

8) Each 0.5 ml of digested plasmid DNA was mixed with 0.3 ml of

ethidium bromide stock (10 mg/ml in H20) and 0.4 ml aliquots of this

mixture were layered onto 15-30% sucrose density gradients contained in

SW 50.1 centrifuge tubes. Gradients were centrifuged for 5.25 hours at

150C in the SW 50.1 rotor of a Beckman ultracentrifuge, Model LB-80, at

40,000 RPM.
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9) The top band containing cleaved v-fes DNA was carefully col-

lected from above with a cannula type syringe needle or from the side by

puncturing the tube with a 20-gauge syringe needle. The bottom, highly

dispersed band consisted of nicked, linear pBR322 DNA. These DNA-con-

taining bands were viewed by illuminating the tubes with long-wavelength

UV radiation. This method of isolating the v-fes gene was used because

of the difficulty often encountered in attempting to nick-translate DNA

which has been purified by electrophoretic separation in agarous gels.

The inhibitor of the DNA enzymes used in nick-translation is thought to

be sulfonated carbohydrates present in the agarose and extensive purifi-

cation must be done to rid the cleaved DNA from such contaminants (27).

10) Because isopropanol was miscible with the sucrose fractions

collected from rate zonal gradients, ethidium bromide was removed by

first adding cesium chloride to the sucrose fraction containing v-fes

(1 gm/1 ml). This allowed for extraction of ethidium bromide in the

isopropanol phase when 1 volume units of isopropanol (saturated with

aqueous 5 M NaCI, 10 mM Tris, and I mM Na2EDTA, pH 8.5) were added to

the DNA and mixed vigorously. Extractions were repeated until all

visible color was removed. At this time 2 volume units of H20 and 6

volume units of absolute ethanol were added and the DNA was allowed to

precipitate at -200C for 1 to several days.

11) The DNA was resuspended in approximately 25 Ul of IX TE, pH 8.0.

Due to the small concentration of v-fes in the preparation, the concen-

tration was determined using visual comparison to known quantities of

calf thymus DNA standards which short-wave length UV background.

Approximately 0.5 Mg of v-fes DNA was recovered from 50 ug of starting

plasmid DNA containing the SL subclone.

-- 12) The purity of the v-fes DNA was checked by electrophoresing a

small quantity in 1% agarose gels prepared and run in 10 mM sodium phos-

phate buffer, pH 7.0 for 1.5 hours at 45 mAmps constant current.

Comparisons were made to DNA from unrestricted pBR3 22-SL, pBR322, and

from the lower band in sucrose density gradients containing linear
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pDR322 DNA from which v-fes had been cleaved. In most cases a pure

fraction of v-fes was recovered as evidenced by its migration as a

single narrow band of low molecular weight in agarose gels. pBR322 has

only one Pst I site into which the Pst I fragments of v-fes were cloned,

hence digestion of a pure preparation of pBR322-SL with Pst I results

* - in two fragments - one being linear pBR322 and the other being the SL

subclone of v-fes DNA.)

d) Nick-Translation of Plasmid and v-fes DNA.

This procedure was used as reported by Davis et al.,(Ref. 27.).

This reaction was conducted in a final total volume of 25 Ml. The

following reagents were added in order to a capped, nuclease-free, 1.5

ml capacity microfuge tube.

1) 13.1 91 of IX TE buffer, pH 8.0.

2) 2.5 Ml of 1OX Nick Translation buffer (0.5 M Tris-HC1, pH 7.5,

0.1 N MgSO4, 10 nm Dithiothreitol or DTT, and 500 Ug/ml of Bovine - -

Serum Albumin or BSA).

3) 2.5 ul of a solution containing 0.2 mM each d ATP, d GTP. and d

TTP (Calbiochem-Behring).

4) 1 ml of v-fes or plasmid DNA containing 0.5-1.0 Mg of DNA.

5) 0.5 Mi of diluted DNase (P. L. Biochemicals). 0

DNase was prepared as follows:

a) Stock solution consisted of DNase at 1 mg/ml in 50 mM Tris

(pH 7.5), 10 mM MgS0 4, I mM DDT, and 50% glycerol stored

at -806C.

b) 0.5 I1 of DNase shock was diluted to 100 Ml in IX nick

translation buffer (50 mM Tris, pH 7.5, 10 mM MgSO4, I mM

DTT, and 50 Pg/ml of BSA). Dilution was conducted at 0OC.

c) 0.5 AL of the above IX diluted stock was diluted a second

time to 100 a in IX nick translation buffer for use in the

nick translation reaction (total dilution 1/40,000). This

second dilution was also conducted at 0°C and the 2X diluted

DNase was stored in small aliquots at -800C.
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6) To the above reaction mixture on ice, was added 5 Ml of deoxy-

cytidine 5'- ( -32p triphosphate in aqueous solution containing 10

o U Ci/Ml. (Specific activity was 2,000-3,000 Ci/mmol, Amersham

Corporation).

7) 0.4 Ml of homogenous E. coli DNA polymerase I (Bethesda Research

laboratories) containing 1-2 units of enzyme.

The above mixture was incubated at 140C for 3 hours, and the reac-a
tion was stopped by addition of 25 ml of 0.02 M Na2EDTA, 2 mg/ml of

sonicated salmon sperm DNA as carrier, and 0.2% SDS.

The mixture was placed on ice at this point and diluted up to 500

jil with IX TE, pH 8.0. one Ml of 0.25% Bromophenol blue in 50% glycerol

was added as a tracking dye. The reaction was loaded onto a 0.7 X 20 cm

Sephadex G-50 (medium) column (Bio-Rad Econo-column), pre-equilibrated

with lX TE, pH 8.0.

- v Ten to 12 effluent samples were serially collected in polypropylene

microfurge tubes. The labeled v-fes or plasmid DNA usually eluted in

tubes 9-12. The location of the 3 2p-labeled DNA was determined by

spotting 2 Ml samples of each fraction on 3 MM filter paper and counting

in BBOT (Packard) cocktail in a Beckman liquid scintillation counter.
The contents of the tubes comprising the first peak of 3 2P activity

were combined and stored at 40C in a polypropylene tube housed in a lead

container.

The specific activity of the labeled probe was generally between 7

to 10.0 x 107 dpm/Mg of DNA.

4) Dot-Blot Hybridization of Human Fibroblast DNA Infected with ST-FeSV

to Purified v-fes or Plasmid (pBR322) DNA.

a) Hybridization of DNA Using Formamide.

This procedure was used routinely.

1) GeneScreen hybridization transfer membrane (New England Nuclear-

DuPont) was cut into approximately 5 x 6.5 inch sheets and gently laid

onto 0.025 M Na2HPO4/Na H2P04, pH 6.5 and soaked for 20-30

minutes.
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2) The GeneScreen membrane was then laid between two sheets of 3 MM

chromatography paper (Whatman) and allowed to dry at 376C.

3) Purified cellular DNA of known concentration was denatured by -- -

placing it in a water bath at 900C for 10 minutes. Doubling dilution

series of the denatured cellular DNA were immediately prepared in IX TE,

pH 8.0 on ice. Ten 9i samples of each dilution were spotted in a pre-

determined pattern on the GeneScreen membrane, with a pipetman (Rainen).

Spotting 10 M1 by hand results in approximately a I cm diameter spot.

(Approximately 20 spots or dilutions were placed onto a membrane of

5 x 6.5 inch dimensions.)

4) The spotted membrane was allowed to dry at room temperature and

the DNA was fixed by baking it onto the membrane at 80-1000C for 2-4

hours in a drying oven (Thelco, Model 15, Precision Scientific Company).

5) The membrane was prehybridized by treating it with the follow-

ing solution: 50% formamide (deionized)1 , 2 x SSC 2, 0.05 M

Na2HPO4/NaH 2PO4, pH 6.5, 0.02% polyvinyl-pyrrolidone (mol. wgt.

40,000-Sigma), 0.02% bovine serum albumin (Calbiochem-Behring), 0.02%

ficoll (mol. wgt. 400,000) (Sigma), and denatured salmon sperm DNA (200

mg/ml) (Calbiochem-Behring.)3 The membrane was placed into a sealable

plastic pouch (Karak/Scotchpak) along with 40 ml of the solution and the

plastic bag was sealed (Scotchpak pouch sealer) and incubated in a water

bath with constant agitation overnight at 42oC.

Formamide (Bethesda Research Laboratories-Redistilled, Ultrapure)

was deionized by mixing 100 ml with approximately 5 gins of AG
501-X8(D) mixed bed resin. The mixture was stirred for 30 minutes
at room temperature, filtered to remove resin, and stored in 10 ml
aliquots at -200C.

2 2X SSC: 0.3 M Sodium chloride

0.3 M sodium citrate.

3 Salmon sperm DNA was denatured in water by heating at 90-1000C for
10 minutes.
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6) After 12 hours, the prehybridization solution was removed from

the plastic bag and replaced with 12 ml of the following solution: 50%

f formamide (deionized), 2X SSC, 0.05 M Na2HPO4/NaH2PO4, pH 6.5,

0.02% polyvinyl-pyrrolidone (mol. wgt. 40,000), 0.02% bovine serum

albumin, 0.02% ficoll (mol. wgt. 400,000), denatured salmon sperm DNA

(200 Mg/ml) plus 12 x 106 dpm of 3 2P-labeled v-fes or plasmid probe

which was denatured at 900C for 10 minutes (approximately 1 x 106 dpmU

was used per 1 ml of hybridization solution).

The membrane and solution were double-bagged and sealed and incub-

ated an additional 48-50 hours in a water bath with constant agitation

at 420C.

7) The hybridization solution was disposed of in the radioactive

waste and the membrane was first washed two separate times for 5 minutes

each with 100 ml of a solution containing 0.3 M sodium chloride, 0.06 M

Tris-HC1, pH 8.0, 0.002 M EDTA. Washing was at room temperature with

constant agitation.

8) The membrane was then washed 2 separate times for 30 minutes

each with 100 ml of a solution containing 0.3 M sodium chloride, 0.06 M

Tris-HC1, pH 8.0, 0.002 M EDTA, and 0.5% SDS. Washing was at 600C with

constant agitation.

9) Finally, the filter was washed two separate times for 30 minutes

each with 100 ml of 0.003 M Tris base. Washing was at room temperature

with constant agitation.

U 10) The membrane was then dried at room temperature and used in the

autoradiography procedures described in section 4. c) which follows.

b) Hybridizaion of DNA Using Dextran Sulfate as a Hybridization

Enhancer.

This procedure was used experimentally and not on a routine basis.

1) The membrane was prehybridized by treating it with 10 ml of the

following buffer: 50% formamide (deionized), 0.2% polyvinyl-pyrrolidone

(mol. wgt. 40,000), 0.2% bovine serum albumin, 0.2% ficoll (mol. wgt.

400,000), 0.05 M Tris-HC1, pH 7.5, 1 M NaC1, 0.1% sodium pyrophosphate

(Sigma), 0.1% SDS, 10% dextran sulfate (mol. wgt. 500,000 - Sigma), and

denatured salmon sperm DNA (100 Mg/ml).
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Prehybridization was conducted in a sealed plastic bag which was

placed in a water bath with constant agitation at 420C overnight.

2) Following prehybridization, 2-3 ml of the following solution was

added to the bag containing the prehybridization buffer and membrane:

50% formamide (deionized), 0.2% polyvinyl-pyrrolidone (mol. wgt.

40,000), 0.2% bovine serum albumin, 0.2% ficoll (mol. wgt. 400,000),

0.05 M Tris-HC1, pH 7.5, 0.1% sodium pyrophosphate, 0.1% SDS, denatured

salmon sperm DNA (100 pg/ml) plus 12 x 106 dpm of 3 2p-labeled plas-

mid or v-fes probe which was freshly denatured at 900C for 10 minutes.

This mixture was double bagged and sealed and incubated in a water

bath with constant agitation for 48 hours at 420 C.

3) Washing and drying of the membrane was identical to that des-

cribed in steps a) 7-10 of the proceding hybridization procedures using

formamide.

c) Autoradiography of Hybridized DNA on GeneScreen Hybridization

Transfer Membranes.

These procedures were based on those of Dr. H. G. Kung, Dept. of

Biochemistry, Michigan State University, East lansing, Michigan -

Personal Communication.

1) After hybridization and drying, the membranes were placed

between Saran wrap.

2) Kodak X-Omat AR film (XAR-5) was exposed to the membrane for 24

to 48 hours at -800C. The intensity of exposure was amplified with the

use of Dupont Cronex Lighting-Plus 2C intensifying screens without

blockers.

3) Following exposure the film was developed using the following

procedure:

5 minutes in Kodak liquid X-Ray developer.

1 minutes in 3% acetic acid stop bath.

10 minutes in Kodak rapid fixer.

15 minutes in running water.
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4) The developed X-Ray films were allowed to dry at room tempera-

ture and the relative intensity of the spots resulting from exposure to

F the bound radioactive probe DNA on the membranes, was used to quantitate

numbers of v-fes present ±n the human DNA screened.

d) Quantitation of Genome Numbers of v-fes Present in Human

Fibroblast Nuclear DNA.

g 1) Initially a standard series of known copy numbers of v-fes were

prepared in a background of denatured salmon sperm DNA (Calbiochem-

Behring).

Mammalian diploid nuclear DNA is known to have an average molecular

weight of 4 x 1012 daltons (43). The SL subclone of v-fes is about

500 base pairs long or 0.33 x 106 daltons in molecular weight. The

v-fes DNA was not restricted enzymatically for preparation of the copy

standards, such that pBR322 plasmid DNA was also a portion of the

' background DNA.

As an example, for preparation of 100 Mg of DNA containing 100

copies of v-fes per average diploid genome, the procedure was as

follows:

Er SL = approximately 500 base pairs (bp) or 0.33 x 106 daltons

(d)/(1000 bp - 6.6 x 105 daltons, for duplex DNA, Ref. 27) pBR322

containing the SL subclone = 4,362 bp + 500 bp = 4,862 bp.

SL = 500 bp = 0.1028 of the total of pBR322 and SL present in the

4,862 bp mixture.

Hence, for every 1 Mg of SL , there exists 1/0.1028 or 9.7276 mg of

pBR322 DNA as background DNA.
6 6

100 copies of SL = 100 (0.33 x 10 d) - 33 x 10 d

100 copies of SL 33 x 106 d
_____x 100 jig

1 diploid mammalian genome 4 x 10 d

100 copies of SL = 8.25 x 10-4 Mg per 100 Mg total DNA.

• .000825
pBR322 makes up .000825 or .008025 Mg of background DNA.

.1028
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Hence, preparation of 100 Mg of DNA containing 100 copies of SL

(v-fes) per diploid mammalian genome required 0.00885 or 8.85 x 10
- 3

mg of pBR322 DNA containing SL plus 99.99115 mg of denatured salmon .....
I

sperm DNA.

A dilution series of copy number standards was prepared to repre-

sent from 300 copies down to 1 copy per mammalian diploid genome. These

copy standards were spotted in 10 MI amounts containing 100 Mg of DNA

each and compared to human fibroblast DNA for their relative hybridiz-

ation to 3 2p-v-fes probe. Comparisons were made visually by the

following method:

Doubling dilutions of human fibroblast DNA had been spotted onto

the membranes in 10 gI quantities prior to hybridization such that a

series of relative exposure intensities resulted on the X-Ray film.

Comparisons were made where the intensity of the hybridized human

nuclear DNA matched that of one of the copy standards.

For example: if the intensity of 100 Mg of the copy standard con-

taining 10 copies of v-fes per genome matched the intensity of 50 Mg of

human DNA (spotted in 10 i equal volumes and equal surface areas) then

the human DNA was calculated to contain approximately 100
S 2x 10or

20 copies. 50

Visual determination was semi-quantitative in nature and was suf-

ficient for the low copy numbers of v-fes observed (see results). The

method can be made more quantitative through the use of a densitometer. .

2) The use of the prepared copy standards using cloned SL and

salmon sperm DNA was discontinued when it was discovered that v-fes

could not be cleaved from pBR322 and purified sufficiently to completely

eliminate all sequences with some homology to pBR322 (Dr. Mariano

Barbacid, NCI, Bethesda, Maryland - Personal Communication).- See

results III. B) section 1.

Hybridization of 3 2p-v-fes to the copy standards was in excess of

that specific for v-fes because of background homology between the

pBR322 sequences in the copy standards and in the probe which we were
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unable to remove totally. For this reason it was decided to use normal,

uninfected human D 550 fibroblast DNA as a standard of comparison for

0 genome enumeration. It recently has been found that the v-fes gene of

ST-FeSV has homologous cellular sequences referred to as c-fes in all

vertebrate species, including humans (40). The human c-fes locus has

been localized on human chromosome 15 (25, 52). It has recently been

sublocalized to the distal end of the long arm of chromosome 1 5 withinU
bands q 25-26 by in situ hybridization of human c-fes probe to human

mitotic chromosome preparations (51).

The human c-fes locus includes both coding and intervening

sequences. It spans about 3.4 kilobases, with all three introns located

in the 5' half of the c-fes gene. The human c-fes clones also appear

similar in complexity to the cat c-fes locus (40).

It was known, therefore, that normal human DNA possesses a back-

ground of 2 copies of c-fes per diploid genome which hybridized to our
32p-v-fes probe. All comparisons of DNA from chemically treated and

ST-FeSV infected - D 550 cells were made with uninfected D 550 DNA as

described for the copy standards in section III, 4) d) - 1.) This

Irequired that equal volumes of DNA of known concentration 
were spotted

on the transfer membranes.

B. Results and Discussion of Hybridization Studies

f 1) Restriction endonuclease digestion of the SL subclone of

v-fes in pBR322, with Pet I, did not result in a totally pure prepara-

tion of v-fes DNA. The low molecular weight species resulting from this

digestion was collected from 15-30% sucrose lensity gradients and

assayed for purity on 1% agarose gels following electropboresis for 1.5

hours at 45 mAmps constant current in 10 mM Na2HPO 4/Na 42PO4 ,

pH 7.0.

Electrophoresis and staining with acridine orange appeared to
indicate that the v-fes DNA was pure. It migrated as a single, narrow

band of low molecular weight. The remainder of the digested DNA which

consisted of linear pBR322 also migrated as a single band. However,

there was some indication that a portion of the pBR322 DNA may have been
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cleaved along with v-fes. The pBR322 DNA cleaved from the SL subclone

ran at a slightly faster rate than the linear DNA in a commercial pre-

paration of pBR322 DNA (Bethesda Research Laboratories). This indicated - -
I

that it was of a lower molecular weight than linear pBR322 should be.

Suspecting the possibility that our 3 2p-labeled v-fes probe might

contain some pBR322 DNA as a contanimant, hybridization to a pure com-

mercial preparation of pBR322 DNA (Bethesda Resesrch Laboratories) was

conducted. Hybridization to 5.9 Mg of pBR322 DNA/10 91 spotted,

resulted in intense exposure of the X-ray film. Copy standards and

uninfected human D 550 DNA were also run as controls.

It was apparent that our v-fes probe, despite our best efforts at

purification, did possess some homology to pBR322. For this rea3on, use

of standard copy series prepared using the SL subcone of pBR322 and

salmon sperm DNA was of no real use, as the apparent copy number would

be enhanced due to extraneous hybridization between pBR322 sequences in

the probe and copy standards.

2) It was of interest to determine whether any homology existed

between pBR322 plasmid DNA and human fibroblast DNA, particularly since

we knew that our v-fes probe possessed some pBR322 sequences which could

serve to enhance the hybridization signal.

Covalently closed, supercoiled pBR322 DNA was purified from E. coli

strain D 5410. This DNA was separately treated with RNase A and

pronase, and was extracted with TE-saturated phenol: chloroform: isoamyl

alcohol (25:24:1) following isolation from CsC1 equilibrium density - -

gradients. pBR322 DNA was nick-translated and used as a hybridization

probe with the following DNA preparations:

Salmon sperm (Calbiochem-Behring) at 100,50,25, and 12.5 Mg per

10 A.

Calf thymus (Sigma) at 100, 50, 25, and 12.5 Mg per 10 Ml.

Human D 550 normal fibroblast at 56, 28, 14, and 7 gg per Ul.

E. coli (Calbiochem-Behring) at 100, 50, 25, and 12.5 Mg per 10 ml.

and pBR322 DNA (Bethesda Research Laboratories) - duplicates at

2.94 Mg per Ml.

8-
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Hybridization was conducted for approximately 48 hours and the

X-ray film was exposed to the membrane for 24 hours.

K [Results showed absolutely no homology between 3 2P-pBR322 and

human, calf thymus, or salmon sperm DNA. All four dilutions of E. coli

DNA and the pBR322 DNA showed obvious homology. The homology to E. coli

DNA was most likely due to contaminating traces of E. coli nicked chrom-

osomal DNA which equilibrated with pBR322 DNA in CsCi gradients. TheseU

results made it clear that any contaminating pBR322 sequences on
3 2p-v-fes probe should not present background problems when used in

hybridization experiments to human nuclear DNA.

3) An attempt was made to block out background homology to pBR322

DNA in prepared copy standards to make them suitable for genome enumera-

tion. The copy standards had been prepared using a predetermined amount

of v-fes DNA in pBR322 and denatured salmon sperm DNA. The traces of

pBR322 present on the 3 2p-v-fes probe contributed to background

hybridization to the standards in addition to that specific for v-fes.

Therefore their use as standards of comparison to human DNA for enumer-

ating copy numbers of integrated v-fes resulted in inaccuracies. We

hoped to circumvent this problem by prehybridizing the copy standards

with pBR322 DNA to block backgound homology and subsequently to follow

with hybridization to a 32p-v-fes probe.

Following prehybridization overnight, the membranes containing copy

standard DNA were hybridized to pBR322 DNA for 24 hours. A 100-fold
e.ccess of pBR322 over that contained in the spotted copy standards was

used. The membranes were then washed in two separate changes of 0.025 M

NaH2HPO4 , pH 6.5 to remove traces of pBR322 used in the initial hy-

bridization. The copy standards were then hybridized with 32p-pBR322

(1 x 106 dpm/ml hybridization buffer) for approximately 60 hours at

420C. The membranes were extensively washed using three different

solutions as described in methods Section III. 4a).

The X-ray film was exposed to the membranes for 45 hours. Blocking

of background homology to pBR322 DNA was effective from I copy up

through 25 copies of v-fes in the copy standards. Background homology
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was not completely blocked in the copy standards prepared using 50 to

300 copies of v-fes. Attempts to perfect blocking of background homo-

logy to pBR322 in copy standards were no longer pursued when it became

apparent that normal D 550 diploid DNA containing two copies of c-fes

per genome could be used as our standard of quantitation.

It was felt that the blocking of pBR322 DNA in the copy standards

could have been inadequate for several reasons. To begin with, there

may not have been a sufficient excess of pBR322 DNA to block all sites

of homology during prehybridization. Washing of the membranes following

prehybridization to cold pBR322 DNA may have been inadequate and the

membranes were not allowed to dry prior to final hybridization to 32p_

pBR322. This may have created a sandwich effect whereby cold pBR322,

which had only partially annealed to the copy standards or which had

non-specifically absorbed to the membrane (as indicated by a large

amount of nonspecific binding of the probe), was not adequately washed

away and hybridized readily to 32P-pBR322 DNA.

4) A comparison was made of the efficiency of various 32p-v-fes

probes in detecting v-fes homology in human DNA. Initial attempts at

detecting v-fes homology in human DNA were made using the SL subclone

of v-fes as a radiolabeled probe. For these experiments, v-fes was not -

cleaved out of pBR322 plasmid DNA. At no time were we ever able to

observe hybridization of this probe with human DNA.

When v-fes was enzymatically restricted from pBR322 DNA and

purified in rate zonal sucrose density gradients it became much more

specific in its capacity to detect v-fes homology in human DNA. The two

copies of c-fes present in normal diploid human DNA were always readily

detectable using this 3 2p-v-fes probe. On occasion, when v-fes was

not recovered from sucrose gradients completely free from restricted

pBR322 DNA (as indicated by a second band in agarose gels), its effi-

ciency as a probe for v-fe.s in human DNA decreased with its degree of

contamination with pBR322 DNA.

For detecting low copy numbers of v-fes in our experimental and

normal human DNA, it became crucial that our 3 2p-v-fes probe be as
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free of contaminating pBR322 DNA as possible to increase specificity of

hybridization. It has been reported by K. D. Rodland et al. (76) that a

critical element in the success of hybridization reactions, using DNA

immobilized on GeneScreen, is the purity and specificity of the labeled

probe. Their best results were obtained when the probe fragment of

interest was separated from vector DNA by digestion with appropriate en-

donucleases and preparative electrophoresis. We chose to use rate zonal

sucrose density gradient centrifugation as opposed to electrophoresis

for final purification to avoid contaminating compounds in agarose which

often affect the efficacy of enzymes used in nick-translation.

5) Dextran sulfate was used experimentally in an attempt to

enhance hybridization of 32P-uncleaved v-fes (v-fes-pBR322) to human

nuclear DNA. Such an approach would have been useful in that restric-

tion endonuclease digestion of v-fes-pBR322 and further purification

v-fes would not have been necessary. Much more DNA would also have been

available for use in nick-translation.

Dextran sulfate was included in both the prehybridization and

hybridization solutions as described in methods, Section III. A) 4b).

i K Non-specific background hybridization became a tremendous problem with

this method. The unrestricted probe showed no evidence of hybridization

to normal human DNA and was not specific in detecting the 2 copies of

c-fes present in the human DNA.

It is known that the mass of the labeled probe is critical in eli-

minating background when using dextran sulfate (GeneScreen Hybridization

Transfer Membrane, Catalog No. NEF-972, Instruction Manual, New England

Nuclear, 1982, p. 6). It was necessary for us to use twice the recom-

mended mass per volume of labeled probe in order to provide sufficient

label for v-fes detection. This may have contributed to the problems

with background binding on the membrane.

The use of both dextran sulfate and unrestricted v-fes DNA as probe

in hybridization mixtures were rejected for the screening of experi-

mental human DNA for v-fes homology. Best hybridization results were

always obtained when v-fes was restricted from pBR322 vector DNA
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purified prior to nick-translation and when dextran sulfate was excluded

from the hybridization solutions (See methods, Section III A) 4a).

6) A comparison was made between the amount of v-fes homology or

genome copy numbers present in normal human D 550 DNA and in DNA from D

550 cells which had been infected with ST-FeSV (no chemical treatment).

Nuclear DNA from three separate preparations of normal human D 550's

containing 2 copies of c-fes per diploid genome, consistently hybridized

to 3 2p-v-fes and was detectable on X-ray films when spotted at levels

as low as 14 gg per 10 gl volume. Each DNA preparation was purified

from a different batch of cells collected from 40-490 cm2 tissue

culture roller flasks. This provided a consistent quantitation standard

for the chemically treated and ST-FeSV infected human DNA preparations

which were screened.

Similar results were not obtained with ST-FeSV infected D 550 DNA.

Again, three separate preparations of virus-infected D 550 DNA were

screened numerous times for v-fes homology. Two of the three prepara-

tions showed no v-fes homology and one preparation showed background

levels comparable to normal D 550 DNA when 20-40 mg were spotted per 9l

volume. We could not explain these results. We expected the D 550's
S

which had been infected with ST-FeSV to integrate the provirus and show

levels of homology above those seen in normal human DNA. This was not

observed, however.

7) We screened the nuclear DNA from human D 550 cells, treated

with chemicals at various times relative to ST-FeSV infection, for homo-

logy to v-fes DNA. None of the chemically treated D 550's showed levels

of homology above that observed with normal, uninfected human DNA.

Several of the treatments showed no detectable homology, similar to

those findings observed with ST-FeSV infected human DNA. Normal, human

DNA was included as a standard of comparison in all hybridization exper-

iments. It always showed detectable levels of v-fes homology on X-ray

films wheras some of the chemically treated and virus infected DNA did

not.
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Hybridization times used to screen the nuclear DNA for v-fes

homology ranged from 48 to 66 hours and X-ray films were exposed to

hybridized DNA for 48 to 72 hours.

Following are the hybridization results from the nuclear DNA of

human D 550 cells exposed to various chemicals at 2 hours either

previous to or post-ST-FeSV infection:

Range of DNA
Spotted (Doubling Level of Homology

Treatment Dilution Series) to v-fes

1) None 5.1 to 40.8 Mg 2 copies per genome (All
Normal Diploid DNA per 10 g preparations tested)

2) ST-FeSV infected only 4.6 to 37 Ug 2 copies per genome
per 10 gl (1 out of 3 preparations

only)

. 3) Hydrazine 2 hours 10.2 to 82 gg None detectable
before ST-FeSV infection per 10 Ml

4) Hydrazine 2 hours 10.5 to 84 gg None detectable
post ST-FeSV infection per 10 la

5) Mono-methyl Hydrazine 3.3 to 26.2 gg 2 copies per genome
2 hours before per 10 Il
ST-FeSV infection

6) Mono-methyl Hydrazine 9.2 to 73 gg 2 copies per genome
2 hours post per 10 li
ST-FeSV infection

7) Symmetrical Dimethyl 6 to 48 Og None detectable
Hydrazine (SDMH) per 10
2 hours before
ST-FeSV infection

8) Symmetrical Dimethyl 5.3 to 42 gg None detectable
Hydrazine (SDMH) per 10 gI
2 hours post
ST-FeSV infection

9) Unsymmetrical Dimethyl 5.0 to 40 g None detectable
Hydrazine (UDMH) per 10 Ml
2 hours before
ST-FeSV infection
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Range of DNA

Spotted (Doubling Level of Homology
Treatment Dilution Series) to v-fes

10) Unsymmetrical Dimethyl 4.3 to 34 Mg None detectable
Hydrazine (UDMH) per 10 Ml
2 hours post
ST-FeSV infection

11) Benzo(a) pyrene 6.3 to 51 Mg 2 copies per genome
2 hours before per 10 gl
ST-FeSV infection

12) Benzo(a) pyrene 5.3 to 42 pg 2 copies per genome
2 hours post per 10 il
ST-FeSV infection

13) Pyrene 2.3 to 18 Mg 2 copies per genome
2 hours before per 10 Ui
ST-FeSV infection

14) Pyrene 2.8 to 22 og 2 copies per genome
2 hours post per 10 Mi
ST-FeSV infection

15) Phenyl - a- 7.9 to 63 W 2 copies per genome
Naphthylamine per 10 pi

I

It was apparent that the chemicals used to treat the 550 human fibro-

blast cells did not enhance or reduce ST-FeSV proviral integration rela-

tive to cells which were only infected with ST-FeSV and which received

no chemical treatment. Therefore, inhibition of transformation when

carcinogens were applied Rt 2 hours post ST-FeSV infection could not be

explained by differences in proviral DNA integration. The cytoplasmic

DNA from each of the above listed chemical treatments has not yet been

screened for relative levels of v-fes homology. This should provide

valuable information about the ability of these chemicals to affect

proviral DNA synthesis prior to integration into nuclear DNA.

The following section on final conclusions and discussion provides

evidence that mechanisms other than proviral synthesis or integration

could contribute to the decreased levels of transformation observed with

chemical treatment.
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IV. FINAL CONCLUSIONS AND DISCUSSION

Feline sarcoma virus is capable of highly efficient transformation -

of fibroblasts and epithelial cells in vitro. Transformation-specific

proteins occur in these cells and appear to be unique for each individ-

ual strain of FeSV involved (7, 17, 18, 77, 92). The transformation-

specific proteins associated with FeSV occur as fusion proteins, con-

sisting of a portion of the FeLV core gene polyprotein (gag) linked to

the protein encoded by fes, which is the onc gene responsible for trans-

formation by ST-FeSV and Gardenr-Arnstein - FeSV (GA-FeSV) (21, 80, 83).

Functional analysis of GA-FeSV and ST-FeSV ga-fes gene products has led

to the identification of a protein kinase activity associated with each

which has specificity for tyrosine residues (4, 73, 93).

Cellular transformation resulting from infection by the GA- or

ST-FeSV strains leads to an increased level of total cellular phospho-

tyrosine. This presumably leads to the phosphorylation of critical

substrates which are necessary for initiating and maintaining the trans-

formed phenotype (4, 6, 74). It is possible in our experimental system

that chemical treatment somehow interferes with the phosphorylation of

K critical viral or cellular substrates necessary for induction of the

transformed state. The gag-fes polyproteins of GA- and ST-FeSV are

functionally similar to the tyrosine kinases which are specific products

of the transforming genes of several other retroviruses.

* The transformation-specific polyproteins encoded by FeSV strains

include 85,000 and 110,000 molecular weight polyproteins encoded by two

different independent isolates of ST-FeSV (80, 83, 92), a 110,000

molecular weight polyprotein product of GA-FeSV (7, 92) and a 170,000

molecular weight product encoded by McDonough FeSV (7, 94).

The GA- and ST-FeSV polyprotiens responsible for transformation

contain FeIV p15 and p12 amino terminal structural components (7, 80,

83, 92) while the McDonough FeSV transformation-specific polyprotein,

known as P a70gag-fms contains both of these proteins in addition to a

FeLV p30 structural component (7, 94). In contrast to the polyproteins

partially encoded by v-fes of GA- and ST-FeSV, the v-fms gene product,
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represented within the McDonough FeSV-encoded polyprotein P

17 0gag-fms, does not appear to possess intrinsic protein kinase

enzymatic activity (75, 96). 4

The 85,000 dalton polyprotein (P 85) of a variant of ST-FeSV pos-

sesses a single tyrosine acceptor site for its tyrosine-specific protein

kinase activity (12). Blomberg et al. (12) discovered that this accep-

tor site, as well as two serine phosphorylation sites localized within

the p12 structural component of ST-FeSV P 85, was phosphorylated in

cells nonproductively transformed by ST-FeSV. It is not known whether

phosphorylation of the tyrosine acceptor site in P 85 is of functional

significance in the transformation process. Other primary acceptor

sites of cellular origin may also be involved (12).

Reynolds et al. (74) have confirmed that there is reduced epidermal

growth factor (EGF) binding by GA- and ST-FeSV-transformed mink cells.

The significance of the close correlation between EGF binding and tyro- - -

sine-specific protein kinase activity is not known. Reynolds et al.

(74) feel that such a correlation could reflect the existence of tyro-

sine acceptor sites within or close to the cellular receptor for EGF,

phosphorylation of which would result in an impairment to EGF binding.

It is also possible that cellular factors such as sarcoma growth factor

(90) could be activated by phosphorylation of specific cellular tyrosine

acceptor sites and compete with EGF binding surface receptors. Although

a protein kinase activity has not been detected of the product encoded

by v-sis of simian sarcoma virus, it appears that this transforming -

protein and a platelet-derived growth factor are derived from the same

or closely related cellular genes. In this case, v-sis may transform

cells by expressing a protein with functions similar or identical to

those of a normal cell growth factor, which is active during certain

phases of cell growth (28).

Nucleic acid homology has been detected between the v-fes gene of

GA- and ST-FeSV and v-fps which is the transforming gene common to the

Fujinami, PCR II, and UR I strains of avian sarcoma virus (49, 81). The

products encoded by v-fes and v-fps have also been found to be
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* .immunologically and biochemically related (5, 8). Approximately 70% of

the deduced amino acid sequences of the ST- and Ga-FeSV products are

identical with residues in Fujinami sarcoma virus (FSV) P 130. All

v-fes coding regions have a counterpart within the v-fps gene. The FSV

polyprotein is larger than that of either ST- or GA-FeSV and includes

additional v-fps encoded residues unique to FSV (50). It is apparent

that the v-fes and v-fps sequences correspond to a common cellular

genetic locus which has been highly conserved throughout vertebrate

evolution. The tyrosine-specific protein kinase activities of their

translational products have probable functional significance within

their respective hosts (49). It also has been found that approximately

0.8 Kb at the 3' end of v-fes encode a protein domain with marked homo-

logy to the presumed carboxy-terminal end of the transforming protein

(pp60scr) of Rous sarcoma virus. About 45% of the amino acids from

* the translated sequences from this region, are shared between the avian

v-scr and the feline v-fes gene products (50). The amino acid homology

with pp6oscr has allowed for a predicted site of tyrosine phosphoryla-

tion within the ST-FeSV polyprotein. This site appears to be 7 residues

to the carboxy-terminal side of a trypsin cleavage site and 5 residues

to the carboxy-terminal side of a glutamic acid (TAC condon at position

2542) (50).

Extensive functional and structural homology between the predicted

protein products of different v-onc genes provides strong evidence that

the sequences which encode them may have evolved from a single ancestral

gene or from a limited number of such ancestral genes. The v-fes,

v-fps, and v-scr genes were derived from c-onc (cellular-onc) genes by

independent recombination events involving different avian and feline

leukemia viruses. It thus appears likely that different c-onc genes

within the normal DNA of mammalian and bird cells may also be shown to

be related (50). Limited homology such as that observed between

pp60
s cr and the polyprotein encoded by v-fes might explained by exon

shuffling whereby a segment of a tyrosine kinase gene was mobilized to a

distal locus and placed under new transcriptional control (45).
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Cellular homologs of several other retroviral transforming genes

may in time prove to be members of a single gene family. Differences

between the third base of the transforming gene (v-yes) of avian Y73 |

sarcoma virus and RSV v-scr prevent their cross hybridization (57), but

when the v-yes and v-scr genes were sequenced the predicted proteins

were found to be very closely related (59). Thus the possibility arises

that c-abl (Albelson murine leukemia virus) and c-ros (UR II avain

sarcoma virus) may also represent divergent tyrosine kinase genes with

segments related to those of other family members (50).

A family of proto-oncogenes also has been described which differs

from the tyrosine-specific protein kinase gene family. This family

includes the c-onc gene related to the v-ras sequences of Harvey and

Kirsten murine sarcoma viruses, which code for distinct class of

P21ras transforming proteins (34). The v-ras encoded proteins have a

guanosine diphosphate or guanosine triphosphate binding activity (60).

Of the approximately I8 isolations of acute transforming viruses

whose onc genes have been distinguished, most can be grouped into

families on the basis of molecular hybridization, comparison of primary

structure, or comparison of the translated protein sequence. In addi-

tion to the relationship of the v-fes gene of GA- and ST-FeSV and v-fps .

of Fufinami sarcoma virus which has been discussed there are numerous

examples of other onc gene relationships (47). The onc genes of the

rat-derived Harvey sarcoma virus (has) and the mouse-derived BALB/c

sarcoma virus (bas) ar- highly related. The newly described oncogene of

Parodi-Irgens FeSV has shown a high degree of cross-hybridization

uniquely with the sis oncogene of simian sarcoma virus. There appear to

be more distant relationships between the ras family (consisting of has

and bas) and kis, the onc gene of rat-derived Kirsten sarcoma virus.

The onc gene of RSV (src) has some relationship to fps, fes and yes (onc

gene of avian Y-73 virus) as mentioned earlier, as well as to abl and

moo (Maloney murine sarcoma virus) and very distantly also to rel (avian

reticuloendotheliosis virus) (47).
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The cellular oncogens have recently been grouped into three major

gene families (src to raf; Ha-and Ki-ras; myc and myb) and a group of

Swgenes ith no known homology to one another or to other known oncogenes

(60). Each of these genes is presumed to be found in one or more copies

in the genomes of all vertebrates, although this has not been documented

for many of the genes (60).

a It may be that the members of each onc gene family perform distinct

but related functions. What these functions are and how they might be

affected by chemical carcinogens are open for investigation.

The protein kinase activities of certain retroviruses have been

characterized sufficiently to group them into three classes (82). They

do not all function with equal efficiency under the same sets of condi-

tions. The first class, of which RSV pp60src is an example, uses
Mn+2 and Mg+ 2 with equal ability and has broad specificity for phos-

phate donors and nucleoside effector molecules. The second class, of

which Abelson murine leukmia virus kinase is a member, prefers Mn+ 2 and

Co+2 to Mg+2 and is capable of using GTP as a phosphoryl donor al-

though at a much lower efficiency than ATP. The FeSV and Fujinami avian

K sarcoma virus kinases are members of the third class. This class pre-

fers Mn+2, but has a rather strict specificity for ATP as a phosphate

donor and for adenosine nucleotides as effectors. Because the transla-

tion product of Y 73 avian sarcoma virus is structurally unrelated to

the protein kinase enzymes of the above classes, it may represent a

fourth class (82). It is not known whether the above distinctions are

significant in an overall hypothesis about protein kinase-mediated

transformation or whether these differences merely reflect properties of

the enzymes existing in the host cells from which the viruses origi-

nated. They could represent classes of protein kinases with very

different primary substrate specificities in vivo.

The transforming polyproteins of most retroviruses studied do not

appear to have a common substrate or active site within their host cells

(See table, pages 90 and 91). Rous sarcoma virus, pp6Oscr, appears to
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interact with plasma cellular membranes by means of an amino-terminal

hydrophobic domain. Studies suggest that pp6Osrc is synthesized as a

soluble protein which appears to undergo post-translational modification -

prior to association with the plasma membrane. Lipid binding and

pp6Osrc plasma membrane association appear to be highly correlated

leading to the suggestion that pp6Os rc may interact with the membrane

by means of attachment to a fatty acid (42). The level of phosphotyro-

sine in the RSV-transformed cell is about 1 0-fold greater than that in

the uninfected cell. However, it still makes up only a small proportion

of phosphorylated protein residues which consist primarily of phosphos-

erine and phophpothreonine. It seems probable that only a limited

number of protein substrates interact with pp6osrc and lead to a

cascade of reactions culminating in transformation cell. Vinculin has

been found to be a specific substrate for pp6Osrc inside RSV- trans-

formed fibroblasts (26). Vinculin is a structural protein generally - -

involved in a type of linkage of the termini of microfilament bundles to

normal cell membranes. It appears to concentrate at focal adhesion

plaques formed between the cell surface and substratum and is specific-

ally and closely apposed to several kinds of membrane sites at which

microfilament bundles terminate. It has been proposed that phosphoryla-

tion of vinculin may in some way alter its function and affect the

association of microfilament bundles with a decrease in cell substratum

adhesion, thus, resulting in a rounding-up of the cells which is

characteristic of RSV transformed-fibroblasts (26).

The routes leading to cell transformation appear to be quite div-

erse. The v-fms transforming gene of McDonough FeSV encodes molecules

which do not appear to have protein kinase activity and whose properties

and localization within cells differ distinctly from the products of

other retrovirus oncogenes which have been characterized. The v-fms

proteins are rapidly glycosylated and appear to be synthesized on mem-

brane-bound polyribosomes. Multiple v-fms products exist and, because

of substantial differences between newly synthesized and, steady-state - -

products, it appears that multistep, post-translational processing

I
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occurs within the endoplasmic reticulum-Golgi complex. These v-fms

polyproteins appear to concentrate and remain associated with cyto-

fplasmic organelles or cytoskeletal networks (1). These properties are

quite different from those of v-src pp60, which is synthesized on "free"

polyribosomes (66) and then becomes associated with the inner surface of

the plasma membrane (24, 98); of v-ras p21, which only appears for a

time in the cytosol and then becomes associated with the inner plasma

membrane (99); and of the polyprotein encoded by v-abl, which spans the

plasma membrane (100).

This contrast in mechanisms of transformation is further exempli-

fied by three avian retroviruses which exhibit different oncogenic

properties in yivo but all of which transform fibroblasts in vitro. The

ap-myc protein of avian myelocytomatosis virus MC 29 is located in the

nucleus and binds to DNA after purification. The 2a-erb A protein of

avian erythroblastosis virus (AEV) is not nuclear, but is probably

located In the cytoplasm and does not bind to DNA after purification.

Neither the gag-myc nor a-erb A proteins exhibit protein kinase activ-

ity. In contrast, the aj-fps protein, encoded by Fujinami sarcoma

virus, does have protein kinase activity but is not located in the nuc-

leus and does not bind to DNA (71). P 130 of Fujinami sarcoma virus is

present at some areas of the plasma membrane, but is widely distributed

in the cytoplasm, which may suggest that its primary targets are also

widely distributed in the cytoplasm. P 130 does not appear to be anU
integral membrane protein, but rather appears to interact with struc-

tural protein matrix (38). Because of similarities between P 130 and

the transforming proteins of certain other retroviruses with protein

kinase activity, Feldman et al. (38) have suggested that interaction

with a structural protein matrix may be a general property of transform-

ing proteins associated with tyrosine-specific protein kinase activit-

ies. Chemicals may somehow interfere in this interaction and circumvent

or enhance the transformation process.

Since our particular study has been concerned with a loss of trans-

forming activity by ST-FeSV in the presence of chemicals, it is of
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interest that certain recent studies have found that loss of the trans-

formed phenotype is associated with increased cytosine methylation of

proviral DNA. Certain of the carcinogens used in our system are

alkylating agents and, in particular, mono-methyl hydrazine and the

symmetrical and unsymmetrical forms of dimethyl hydrazine are known to

transfer methyl groups to certain regions of the DNA with which they

interact.
--I

Groffen et al. (48) demonstrated a correlation between methylation

of cytosine residues and expression of the major ST-FeSV proviral DNA

translational product in transformed mink cells. Increases in cytosine

methylation were associated with loss of the transformed phenotype. The

region subject to control by methylation was localized within the

ST-FeSV proviral DNA itself. Expression of v-fes was not necessarily

inhibited if integration occurred within a highly methylated region of

the cellular genome. A similar correlation was observed between deme-

thylation and expression of the transformed phenotype in mink cells

transformed by v-abl (Abelson murine leukemia virus). When Groffen et

al. (48) looked at both transformed and revertant clones, they found

that, in contrast to v-fes proviral DNA, the c-fes (cellular homolog of

ST-FeSV) transforming sequences were highly methylated in cytosine

residues. Methylation of cytosine residues may represent an important

level of regulation over gene expression involved in viral oncogene-

mediated transformation and of the expression of cellular homologs of

viral oncogenes.

Similarly, McGeady et al. (69) found that they could inhibit the

transforming activity of cloned Moloney sarcoma virus (MSV) proviral DNA

in vitro methylation of the DNA at cytosine residues. They concluded

that methylation of the v-mos gene was more inhibitory to transformation

than methylation of the viral long terminal repeat (LTR), however,

methylation of either of these sequences resulted in inhibition of

transformation.

Another example of the effects of methylation of cytosine residues

on retroviral expression was the lack of expression of Moloney murine
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leukemia virus in murine embryonal carcinoma (EC) cells. Although

infected EC cells contained up to 100 integrated proviral genomes, their

D expression was suppressed. This inactivation was correlated with de

novo methylation of the viral DNA, which may be a characteristic of

early embryonic cells (84).

In conclusion, the expectation should not be for a single common

I m mechanism involved in retroviral transformation. In most cases, a

multicomporant system probably controls growth and differentiation.

Perhaps a few more generalizations may be made about the transforming

proteins with tyrosine-specific kinase activity.- In this case multiple

membrane alterations may lead to a spectrum of activities related to the

functioning of cytoskeletal elements and possibly second messenger func-

tions (46). How chemicals may interact in the complex process of retro-

viral transformation has been much less studied. We can only speculate

P- that the effects of chemicals will be largely determined not only by

their individual modes of action, but by the mechanism of transformation

utilized by the virus with which they interact.
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115



tANUSCR'TPTS PUBLISHED To DATE

117 

- '
PREVIOUS PAG

ISBNK



CELLULAR SYSTEMS FOR TOXICJTY TESTING 407
a K Reprinted from

ANNALS OF THE NEW YORK ACADEMY OF SCIENCES

XAAD



ANTIONCOGENIC ACTIVITY OF DIVERSE CHEMICAL
CARC INOGENS ON RETROVIR US-INDUC ED

TRANSFORMATION OF HUMAN SKIN FIBROBLASTS*

J. R. Blakeslee~tt§ A. M. Elliot,t and L. J. Cartert
tDepartmern of Veterinary Pat hobiology

tDepartment of Microbiology
§Comprehensive Cancer Center

Ohio State University
Columbus, Ohio 43210

INTRODUCTION

The utilization of a rapid in vitro assay to evaluate chemicals for carcinogenic
activity would greatly reduce the time now required to determine carcinogenicity in
animal test systems. The objectives of these studies were to determine whether
chemicals altered ST-FeSV virus-directed transformation of human skin fibroblasts in
a predictable mnner and to correlate the alteration with carcinogenic or noncarcino-
genic activity of the test chemical. The procedures used to study these interactions
were described previously."

The results, to date, showed that diverse classes of carcinogens inhibited virus
transformation when virus-infected cells were exposed to test chemical two hours
postinfection while noncarcinogens had no significant effect on transformation at two
hours postinfection. Continued studies showed that the carcinogens inhibited a specific
viral gene function, i.e., transformation. but not other viral gene products (feline
oncornavirus-associated cell membrane antigen, group-specific antigen, and reverse
transcriptase) that were shown to be cell mediated? The studies reported here
expanded the classes of carcinogens and noncarcinogens tested to include hydrazines.
jet fuels, asbestos, formalin, methylazoxy methanol acetate," and aromatic amines
used as lubricant additives-alpha and beta naphthylamine and phenyl alpha and
phenyl beta naphthylamine.

MATERIALS AND METHODS

Cells and Virus

Detroit 550. normal male human skin fibroblasts (HSFs) were grown under
standard conditions as previously described.' The Snyder-Theilen strain of feline
sarcoma virus was prepared from feline embryo cell culture, titrated in HSFs, and
stored at -85"C.

Transformation Assays

Preconfluent log phase growth HSFs were seeded into 16-mm diameter wells at
4 x 10' cells/well in 1.5 ml complete medium and incubated 19 hours prior to

*Supported by Air Force Office of Scientific Research Contract F49629-80-C-0087.
412
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treatment in 5% CO2 at 370C. Cells were infected with 20 focus-forming units/well.
Cells chemically treated prior to virus infection were exposed to chemicals for 30
minutes, washed, and refed until virus infection. Virus-infected cells were treated 30
minutes with chemicals, washed, and refed with complete medium. Seven to 10 days
post infection, cells were fixed and stained with Giemsa and foci enumerated with a
25-40x dissecting microscope. Data were evaluated statistically by the Student
"t"-test.

TABLE I

CORRELATION BETWEEN INHIBITION OF VIRUs TRANSFORMATION AND DIVERSE

CHEMICALS INDUCING TUMORS IN RODENTS*

Inhibition of
Chemical Reported ST-FeSV

Group Activityt Transformation

I. Aromatic amines
A. Naphthyl amines

1. Two (2) C yes
2. Phenyl-alpha C yes
3. Phenyl-beta C yes
4. N-Acetoxy 2 fluorenylacetamide C yes

11. Polycyclic Hydrocarbons
i. Benzo[a]pyrene C yes
2. Pyrene NC " no

Ill. Hydrazines
I. Hydrazine C yes
2. Mono-methyl hydrazine C yes
3. 1,1 Dimethyl hydrazine C yes
4. 1,2 Dimethyl hydrazine C yes

IV Other
1. Aflatoxin Bt C yes 4
2. Amosite asbestos C yes
3. JP5 (shale) NC no
4. JPS (petrol) NC no
5. RJ5 NC no
6. Diesel fuel, marine NC no
7. Acetone NC no
S. Methyl azoxymethanol-ac ate C yes
9. Formalin C yes 1.
10. Triton X-100 ? no

*Data from References 5-7.
C, carcinogen; NC. noncarcinosen.

RESULTS

The data- displayed in FIGURE I are typical of the results for chemical-treated
virus-infected cells. Predetermined nontoxic doses of commercial formalin (37%
HCHO-10% CHJOH) at 10 ppm and I ppm were used. Ten parts per million
significantly inhibited virus transformation by values ranging from 50% to 90% of
control values, while I ppm affected virus transformation to a lesser degree. Although
transformation was inhibited at four time periods for formalin, the results of our
studies with over 20 different chemicals (TASLE I) show that the time periods most
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" I affected are two and six hours postinfection. The results shown in TABLE I are based on
these time periods. The data compiled from this assay correlated well with the
carcinogenic potential determined by the standard rodent assays.
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INDUCTION OF RETROVIRUS NON-PRODUCER HUMAN CELLS TO PRODUCER CELLS

BY DEXAMETHASONE

JAMES BLAKESLEE, ANN ELLIOT AND DEBRA TURNER.
Department of Veterinary Pathobiology, 1923 Coffey Road, Cclumbus, OH 43210, U.S.A.

We previously reported human neonatal skin fibroblast cells treated with non-toxic

concentrations of benzo (a) pyrene or aflatoxin B, inhibited feline sarcoma virus (FeSV)

transformation. Although comparable levels of reverse transcriptase (RT) activity were

found in both chemically treated and untreated cultures, infectious virus was not

recoverable from either.

Others have documented the stimulation and activation of murine and primate retro-

viruses and enhanced FeSV transformation of human cells by optimal concentrations of

glucocorticoid hormones.
2 -4

The objectives of this study were to determine: 1) whether dexamethasone (DXM)

K induced both FeSV and FeLV synthesis in the apparent non-producer human cells and 2)

whether feline oncornavirus-associated cell membrane antigen (FOCMA) and group-

specific antigens (GSA) were synthesized in addition to RT, in non-DXM treated cells.
Snyder-Theilen strain FeSV 4 infected Detroit 530 neonatal human skin fibroblast cells

produced very low levels of transforming virus when supernatant fluids from these

cultures were titrated in normal D550 cells. The addition of 1.0 PJg/ml DXM (9a-Fluoro-

J 16a-methyl prednislone) 24 hours post infection, significantly increased both FeSV and

FeLV synthesis when compared to non-DXM treated infected cells (Table 1). The

increase in titer ranged from a 56-fold increase to a 100-fold increase for FeSV, while

FeLV increased from 0 in untreated cultures to 6 X 10 FFU/ml in DXM treated cultures,
a 2.6 fold excess when compared to FeSV.

RT activity (cpm of 3H dTMP incorporated/reaction/hr) likewise increased. The
values ranged from a 9-fold increase in I experiment to a II fold increase in 2 other

separate experiments.

GSA 6 and FOCMA 7 were detected in both FeSV infected DXM treated cells and FeSV
infected cells only. Uninfected-cells, cell treated with 0.2% acetone, and/or DXM were

negative.

'PAGE
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TABLE I
DXM ENHANCED ST-FeSV AND FeLV SYNTHESIS IN D550 CELLS

Virus Virus Titer 2
and FFU/ml X 10" Fold

Exp G (-) DXI (, DX%. Increase

(1) 2.3 203.2 37X
(2) 2.3 233.0 I0OX
(3) 3.4 191.2 56X

Untreated Control 0 0 0
mean - 2.7 + .5 mean - 209.2 .17.6 P =<0.001"

FeLV 3  0 600.00-

* a Determined oy Students "t" test.

Wu et al.8 described retrovirus infected cells as falling into 3 phenotypic categories

with respect to virus gene expression: (1) virus producer cells; (2) non-producer cells with
partial gene expression (any virus, component); and (3) ceils not having any detectable

viral gene products. in this study, D0 cells infecteri with ST-FeSV could be classified as
nonproducers with partial gene expression, i.e. transformation, reverse transcriptase, GSA
and FOCIA antigens with little infectious virus Deing released. However, following DX&I

treatment, conplete viral gene expression resulted with infectious (transforming) virus
released.

The fact that DXM permits complete oncogenic viral gene expression in human cells is

significant since the phenotypic expression of most human transformed cells has formerly
been shown to be category 2 (non-producer) with partial gene expression.8,9
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MWIFIED v-fes EXPRESSION IN HUMI? MS

~EV tU MUCAL CA~nMGENS

James R. Blakeslee, Jr.,1'2 Ann M. Elliot1 and Linda J. Carter
1

'Dept. of Veterinary Pathcbiology and the
OSU COmprehensive Cancer Research Center,

2he Chio State University, Columbus, Ohio

We previously described experiments in which chemical carcinogens

significantly inhibited ST-FeSV transformation of hurnan skin
fibroblasts (1). The effect was not a result of cell killing
because non-toxic dose levels wre used. Further studies sugges-
ted the carcinogens inhibited a specific viral gene function or
product (v-fes), whereas other viral gene products (Ma, ol and
FOC2h-S) ware unaffected by chemical treatment as determined with
the assay system used (2). These data suggested that this cell-

virus system may be of value as a rapid in vitro assay to evaluate
chemicals for carcinogenic activity. Diverse classes of carcino-

gens and non-carcinogens were assayed in order to determine if
chemicals modified ST-FeSV transformation frequencies of humar
skin fibroblasts in a predictable manner, and to correlate the
modification with the carcirtogenic or non-carcinorenic activity of

the test chemical.

The results, to date, showed carcinogens inhibited v-fes wher.
virus-infected cells were exposed to test chemical 2 hrs. post-
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infection (p.i.) while non-carcinogens had no sicnificant effect

on transformation at 2 hrs. p.i. For example, the aromatic amine

N-acetcxy-2-fluorenyl acetamide inhibited v-fes transformation,

whereas its non-carcinogenic analogue N-(4-fluorenyl) acetamide

did not. Chemicals tested to date are shown in Table 1.

TABLE 1

Chemicals Tested
(Modified v-fes Expression)

Hydrazine Phenyl (/ Naphthvlamine
Mmxnmthyl hydrazine N-Acetoxy-2-fluorenyl acetamide
1, 1 Dimethyl hydrazine Benzo (a) pyrene
1,2 Dimethyl hydrazine JP5 (petrolem derived)
Aflatxix Bi JP10 (petroleum derived)
Methyl Azoxymethanol-acetate RJs
2-Napht!rylamine Diesel Fuel
Phenyl (a) Naphthylamine

(No Effect on v-fes Expression)

N- (4-fluorenyl) acetanide Acetone
Pyrene Triton-X-100
Anthracene JP5 (shale oil-derived)
Phenanthrene JP10 (shale oil-derived)
Benzo (e) pyrene

The data ciwpiled in this assay correlated well with the

carcinogenic potential as determined by rodent tumor assays (3).

The temporal relationship between chenical treatnat and virus q
infection suggests the chemicals intervene in v-fes synthesis or
integration.
FEFEWOCES
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IN vr= EFFETS OF POLYNIXLEAR AR0PIIC HYDROCARMNS ON FeSV

TRASO TION OF HUIAN CEnl.

1,2,3 1 1
JAMES R. BLAKESLEE , ANN M. ELLIOI , LINDA J. CARTERI
Deparmnt of Veterinary Pathobiology , Department o5 Micro-
biology , and the OSU Comprehensive Cancer Center , 1925
Coffey Rd., Columbus, OH 43210, USA.

INTRUDUCrIN

A rapid in vitro assay to evaluate chemicals for carcino-
genic activ1Fy '7-- d greatly reduce the time now required
with animal test systems. Therefore, studies were undertaken
to determine whether chemicals altered Snyder-Theilen feline
sarccma virus (ST-FeSV) directed transformation of human skin
fibroblasts (HSF) in a predictable manner and to correlate
the alteration with carcinogenic or non-carcinogenic activity
of the test chemical. We initially reported that Benzo(a)-
pyrene (BaP), N-acetoxy 2-fluorenylacetamide (A-AAF) or
aflataxin Bl (AFB1), inhibited virus-directed ST-FeSV trans-
formation of HSF (1). It was further shown that the carcin-
ogen treatment inhibited a specific virus gene function, i.e.
transformation, but not virus synthesis. Other viral gene
products, RA-dependent DNA polynerase (RDDP), Group-Specific
Antigens (GSA) and Feline Oncornavirus-Associated Cell
Membrane Antigen (0M) were detected in both carcinogen-
treated or non-treated virus-infected cells (2). These
studies suggested the inhibitory effect on virus-directedI transformation was mediated by the carcinogen treatnent,
while the inhibitory effect on complete virus synthesis was
ell-mediated. Further, the inhibitory effect of the carcin-

ogens was abrogated when chemicals were added to virus-
infected cells 48 hours post-infection (p.i.). A tine-
dependent function was also observed which showed diverse
classes of carcinogens inhibited virus transformation when
virus-infected cells were exposed to test chemicals 2 to 6
hours post-infection, while non-carcinogenic chemicals had no
significant effect on transformation (3).

As a continuation of these studies we correlated the
effect of the following chemicals with ST-FeSV transform-
ation:

1) 2-naphthylamine (NA)
2) phenyl alpha naphthylamine (PANA)
3) phenyl beta naphthylamine (PBNA)
4) petroleum-derived JP5 jet fuel (PD-JP5)
5) shale oil-derived JP5 jet fuel (SD-JP5)
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6) 1,2 symmetrical direthyl hydrazine (SDM)
7) methyl azoxnethanol (acetate) (:.A%)
8) tetraethylthiuram disulfide (disulferam [DS])

II
MTERIALS AND NMODS

Cells

Human foreskin fibroblast cells (Detroit 550-CCL-109,
American Type Culture Collection, Rockville, MD) were grown
in Minimal Essential Medium with Earles salts supplemented
with 1.0 mM sodium pyruvate, 2 rrM glutamine, 1% non-essential
amino acids, 50 pg/ml gentamycin (Schering Diagnostics, Port
Reading, NJ) 0.22% sodium bicarbonate and 10% fetal bovine
serun (Sterile Systems, Logan UT), thereafter designated
Complete Medium (CM). Cells were serially passaged every 3-4
days at 1:2 split ratios and incubated at 37C in 5% CO2.

virus

The preparation of stock ST-FeSV was described previously
(4). Briefly, 10% cell-free tumor hcrxxgenates were prepared
and frozen at -85C in L15 medium and 5% FBS.

Transformation

Preconiluent log phase growth HSF cells were trypsinized
and 4 x 10 cells seeded onto 16 mm wells (Costar, Cambridge,
IQ in 1.0 ml C4 and incubated 18 hrs. prior to treatment.
Cells pre-treated with chemicals prior to virus infection
were incubated 90 min. with appropriate chemical concentra-
tion at 2, 6, or 24 hr. pre-infection. Cells were -- shed 2X
in C4, refed and incubated at 37C until virus infection.
Cells to be infected were washed with serum-free 01i and
treated with 0.2 ml of DEAE-Dextran (40 )ig/ml Sigma, St.
Louis, MO]) in serum-free C4. After 20 min., the cells were
washed with CM + 5% FBS, infected with 0.05 ml ST-FeSV,
diluted to 1,000 focus-forming units (FFm) per ml. TWelve
wells were used for each time period. Plates were rocked at
10-15 min. intervals and virus adsorbed 2 hr. at 37C. After
adsorption, the inocula were aspirated and cells refed with
2.0 ml CM1. Virus-infected cells were treated at 2, 6, or 24
hr. following virus adsorption by incubating infected cells
with designated concentration of chemical for 90 min. fol-
lowed by washing and refeeding cells with 2.0 ml CM. The
cells were refed with 04 on the 6th day p.i., and then

p
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fixed with 10% phosphate-buffered formalin and stained with
Giemsa 3-4 days later. Foci were counted at 25-40X magnifi-
cation with a dissecting microscope in non-treated (control)
and chemically-treated wells. FFU ± S.D. were deters,/ned for
each treatment tire and significance determined by Student's
*to test.

Txicity Assays

Chemical toxicity was determined by seeding 8 wells with
500 cells per well as described for transformation assays.Cells were treated 90 min., washed and refed with 01 + 20%
EBS. Cultures were incubated 9-10 days, fixed, stained with
Giemsa and clones containing at least 50 cells were counted.
Toxicity was determined by dividing the average nutmber of
clones in treated wells by the average number of clones in
control wells.

Cheicals

NA, PANA, PBNA, MIA and DS were dissolved in spectral
grade acetone at 1.0 mg/ml. Prior to use, dilutions were
made in C4 to experimental concentrations. SDH was dis-
solved in 0.1 N HMl at a concentration of 10 rg/ml and

i diluted in CM to experimental concentrations.

Both petroleum or shale oil-derived fuels, JP5, diesel
fuel, marine, RJ5 and JPl0, were dispersed in serman-free Q4
with shaking. Dilutions tested were from 5,000 to 0.5 ppm.
Eight wells, seeded with 500 cells/well, were treated for 90
min., washed and refed with 04 supplerented with 20% FBS.
Cultures were incubated 9-10 days, fixed in 10% bufferediformalin, stained with Giemsa, and clones containing at least
50 cells were counted. Toxicity was determined by dividing
the average number of clones in treated wells by the average
number of clones in control wells. ID values were deter-
mined by plotting percent survival (ord.xate) against concen-
tration (abcissa, log scale) on 3-cycle semi-logarithmic
graph paper. 50's were then determined by inspection.

RESLIS

Petroleum-derived (PD) or shale oil-derived (SD) .JP5 or
diesel fuel, marine (DFM) cytotoxic analyses are sho 1 in
Table 1. The results show no significant difference in
toxicity values between SD or PD fuels. ID5 s for SD, JP5
and PD-JP5 were 102 ppm and 100 ppm, respect 9 ely, SD-DF4 and

S.
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and PD-DFM were 85 ppn and 87 pan, while L5 0 s for JPIO and
PJ5 were 91 ppm and 19 ppm, respectively.

TABLE 1 _

ID CYTOTICITY OF SHALE OIL AND PETRMLEU--DERIV= FUELS M1-CEItS.

Fuel Derived Fran ID5 0 i )

JP5 Shale 102
JP5 Petroleum 100
DFM Shale 

85
DEM Petroleum 87

R35 Petrolen is
P.710 Petroleum 91

PAMk teatment resulted in a dose-related suppression of
transformation (Fig. 1A). Cells treated with 10 ug/ml
resulted in significant inhibition of transformation at all
tine periods tested. Results with 20 pg/rml were similar,
although treatment at 6 hrs. p.i. approached control values. -Cells treated with 0.1 pg/ml showed no difference in trans-
formation frequencies fram untreated controls.

Treatment with 10 pg/ml PBNA resulted in suppression at
all time periods tested (Fig. iB). Inhibition of trans-
formation ranged fran values of 40% to 65% inhibition.
However, cells exposed to 0.01 ug/mI before ST-FeSV infection
resulted in enhanced focus formation at -2 hrs., whereas
significant inhibition was observed when virus-infected cellswere treated 6 hrs. p.i.

Treatment with 50 or 5 ppm PD-JP5 at all tire periods
tested resulted in no differences in transformation fre-
quencies frm ontrol values (Fig. 2). ST-FeSV transform-
ation frequencies were sicnificantly reduced when cells were
treated with either 50 or 5 ppa SD-JP5 24 hrs. prior to virus
infection, whereas transformation frequencies were similar to
control values at the other time periods tested.

p
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FIGURE 2. Petroleum and shale oil-derived JP5 effects on
: -transformation. Assay described in Materials and

Methods.

The biological specificity of the assay is shown by the
data in Tables 2 and 3. Ten ugiml SI.{ or 10 pg/ml SIH
mixed with 0.01 pg DS were added to HSF 2 hrs. p.i. (Table
2). As shown in Table 2, SEI reduced the transformation
frequency by 44% (p=0.001), whereas co-treatnent with SDDm +
DS resulted in a non-significant 22% difference in the
transformation frequency (p=N.S.). One ppm MAA or I pri

TABLE 2

ABROGATION OF THE LIBITORY EFECT OF SDM ON ST-FeSV
TRANSFIDPITION BY DS.

Chenical % Reduction
Treatment FFU/ml X 10 in FFU (p

• SD 4 1.41 4 .0

SDMt + DS 1.99 27 N.S.
ST-FeSV 2.51 - -

1. Twelve wells infected with 30 FFJ for each chemical
treatment. SDt (10 g/ml) and/or DS (0.01 ug/ml) added
2 hr. p.i. as described in Materials and Mthods.

2. (p) = Student's "t" test.

!6
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MAM4k mixed with 0.01 ug/ml DS reduced the transformation
frequencies by 41% (p=0.050) and 37% (p=0.010), respectively
(Table 3).

TABLE 3

FAILJRE OF DS TO ABROGATE THE INHIBITORY EFEC OF MPMA

Chemical % Reduction
Treatnt FFU/ml X 10 -  in FFU (p) 2

AMA 1.10 T1 0.050
MAMA + DS 1.19 37 0.010
ST'-FeSV 1.86 - -

1. Cells treated as described in Table 2. MAMA-i ppm,
DS-0.01 pg/ml.

2. (p) = Student's "t" test.

DISCUSSICN

Cytotoxicity studies of water soluble fractions of SD or
PD-derived JP5 fuels and DFT! showed no differences in cellu-
lar toxicity. Effect on ST-FeSV transformation by SD or
PD-derived JP5 were negative. In vivo animal studies
reported by Rowland et al. (5) wit'- 4 -fctions fran shale
oil extracted in benziene reported only shale oil coke extract
was carcinogenic and contained high concentrations of BaP.
Major water soluble fractions of JP5 fuel contain no BaP, but
do contain several aramatic carponents, none of which have
been assayed in this system (6).

Methylazox-,rethanol (NM) is believed to be the proximate
carcinogen of SDM4 and the ultimate carcinogen, a mthvldiaz-
onium ion formed when the ]MkM undergoes oxidative metabolimn
(7). Thus, the biological specificity of this assay is
suggested by the data shown in Tables 2 and 3. The inhibit-
ory effect of S X'1 on virus transformation was abrogated by
co-treatment with DS (Table 2), whereas the inhibitory effect
of MAMA on virus transformation was not abrogated by DS
(Table 3). Because DS inhibits biotransformation of SD.F at
the azamethane to azoxymethane step, co-treatrent of DS and
MAMA should not abrogate inhibition of virus transformation
1,7).

Contrasting results have been reported on the interaction
of chemical carcinogens and retroviruses. For example, in
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vivo studies showed either an inhibitory (8,9), co-carcino-
genic (10,11), or no effect (12,13) on transforrrtion,
depending uon the virus or chenical used in the emperixLents.
In vitro studies with rat or mouse cells and viruses shoed
synergism (14-16).

Thus, HS? and ST-FeSV systen, show a time-dependent and, in
most cases, a dose-dependent relationship in which diverse
classes of chemicals (Table 4) inhibited ST-FeSV transform-
ation when virus-infected cells were treated with non-toxic
doses of chemicals at 2-6 hrs. p.i. Since the inhibitory
effect was abrogated when cells were e xposed 24 hrs. p.i.,
the temporal relationship betmeen infection and treatment
suggest chemical interference with either FeSV proviral
synthesis or integration into host cell DNA.

o.

- q

I



!CI~CAL-VIRUS nrnAcI

TABLE 4

0A ICALS TESTED IN VIRUS MIBITION ASSAY.

Inhibition of
Carcinocenic Virus

Chemical Grouo Activity Transformation
I. Aromatic Arines

A. Naphhyl AmFines1. Two (2) I)

2. Phenyl-alpha (+) +
3. Phenyl-beta (+) +

B. N-Acetoxy 2 fluor-
enylacetamide (+) +

II. Plocyclic Hdrocarbons
1. Benzo(a)pyrene (+) +
2. Pyrene (-

III.
1. Hydrazine {+) +
2. Monto-nethyl hydrazine (+) +
3. 1,1 dimethyl hydrazine (+) +
4. 1,2 dimethyl hydrazine (+) + -

iv. other
Aflatoxin B (+1 +

2. A isite Asbstos (+) +
3. JP5 (SD) (-)
4. 3P5 (PD) (-)
5. PJ5 (TH diner) (-

1 6. Diesel fuel, Marine 4-)
7. Acetone (-
8. Methyl Azoxymthanol-

acetate (+) +
9. Formalin (+) +

10. Triton X-100 (?)

1. (+) considered a carcinogen, (-) non-carcinogen, frmn
(1) Advances in Modern Environrental Toxicology, Vol. I.

Eds, N. Mishra, V. Dunkel, M. iehlran. Senate Press,
N.J. 1980.

(2) "Origins of Hanan Cancer", by I.J. Selikoff, Eds, H.
Hiatt, J.D. Watson, J.A. Winsten. Cold Spring Harbor,
N.Y. 1977.

(3) Unpublished data from Toxicology Branch, ARL, WPAFB.
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EWAED PERISSIVENESS OP HUMAN CELLS TO FELINE
RETROVIRUS INFECTION POLLOWINO HORMON TREATMENT -

JAMES BLAKESLEE, ANN ELLIOTT AND DEBRA TURNR

Department of Veterinary Pothobiology, 1925 Coffey
Road, Columbus, CH 43210, U.S.A.

we previously reported human neonatal skin fibroblast cells
treated with non-toxic concentrations of benzo (a) pyrene or afla-
toxin Bf Inhibited feline sarcoma virus (poS) transformation1 .
Although comparable levels of reverse transcriptase (RT) activity
were found in both chemically treated and untreated cultures, in-
fectious virus wue not recoverable from either. -

Others have documented the stimulation and activation of surine
and primate retroviruses and enhanced PeSY transformation of human
cells by optimal concentrations of glucocorticoid hormones2 "4.

The objectives of this study were to determine: 1) whether
dexamethasone (DIN) induced both PeST and FeLV synthesis in the ap-

parent non-producer human cells and 2) whether feline oncornavirus-

associated cell membrane antigen (FOCKA) and group-specific anti-

ge (GSA) were synthesized In addition to RT, In non-DIX treated
cells.

4Snyder-Theilen strain FeSV infected Detroit 550 neonatal
human akin fibroblast cells produced very low levels of transform-

ing virus when supernatant fluido from these culturea were titra-
ted in normal D550 cells. The addition of 1.0 pgu/l DXI (9 -Fluoro- S -

-16J.-methyl prednislone) 24 hours poet Infection, significantly

increased both PeSV and FeLV5 synthesis when compared to non-DIN

treated infected cells (Table 1). The increase in titer ranged

from a 56-fold increase to a 100-fold increase for PeSV, while PeLV

increased from 0 in untreated cultures to 6 X 10 4 FU/ml in DIN
treated cultures, a 2.6 fold excess when compared to PeSV.

PUBLISHER - USSR ACAD. MED.
SCI/IEP&T - tIOSCOW

Eds. B.A. LAPIi4 & D.S. YOHN. 1980.
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Table 1

DXIf enhanced ZT-PeSV and PeLV eynthesia in 0550 cells

Virus Virus Titer
and ppU/mi X 10- 2  ?old

mp pJ () DX (.) DXI Increase

(1) 2.3 203.2 87X
(2) 2.3 233.0 lbOX
(3) 3.4 191.2 56x

Untreated Control 0 0 0

mean - 2.7 .5 mean- 209.2 t17.6 P 0.001N

PeLY' 0 600.o0

MDeterimned by Students 't" test.

RT activity (cpm of % dTMP incorporated/reaction/hr) like-

wise increased. The values ranged from.a 9-fold increase in 1 ex-

periment to a li-fold increase in 2 other separate experiments.

GSA6 and POCMAL7 were detected in both PeSV infected DXN treat-

ed cells and PeSV infected cello only. Uninfected-celle, cell treat-

ed with 0.2 % acetone, and/or DDE were negative (Table 2).

ITable 2

FOCMA and GSA antigen expression In ST FcSV infected cells

Cells Treated
with

I  GSA POVCA

. FoSV + +
FeSY +.DM + +

DDE
FeSV + Acetone

2  + +

Acetone

RMA medium

1Cells examined 72 hours post infection.
20.2 % v/v acetone in complete L= medium.

vu et al.
8 described retrovirue infected cells as falling into

3 phenotypic categories with respect to virus gene exprcasion: (1)

virus producer cells; (2) non-producer cells with partial gene

expression (any virus, component); and (3) cells not having any

detectable viral gene products. in this study, D550 cells infected



i

-

with -T-Fe V could be claosifidr1 *a nonproducero with partial

gene exprcasion, i.e. tranaformatlon, reverse tranocriptasc, GSA

and FOCUA onttgen with little infectious virus being released.

However, following DDL treatment, complete viral gene expression

resulted with infectious (tranforming) virus released.

The fact thr't DZM permits complete oncogenic viral eeo expres-

sion In hu an cello is significant since the phenotypic expression

of most human transformed cells has formerly been shown to be cate-

gory 2 (non-producer) with partial gone expression.
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Inhibition of Virus Transformation by High Energy Fuels
as a Correlate of Carcinogenic Potential

3ames R. Blakeslee, Jr., Ph.D.
Department of Veterinary Pathobiology, The Ohio State University ComprehensiveCancer Research Center, and the Department of Microbiology,The Ohio State University, 1925 Coffey Rd., Columbus, Ohio 43210, U.S.A.

Summary

Hydrazine and naphthylamines and their derivatives were assayed for co-carcinogenic effects on ST FeSV-directed
- transformation of human cells. AlU chemicals tested at non-toxic concentrations showed anti-carcinogenic activity.

The temporal relationship of chemical treatment to virus infection was more critical with the hydrazines than with the
naphthylamines in that maximum anti-carcinogenic effect occurred when virus-infected cells were exposed to the
hydrazines 2 hrs. post-infection, whereas the naphthylamines anti-carcinogenic effect was observed if cells were
exposed either pre- or post-infection. The anti-carcinogenic effect, when compared with in o chemical
transformation and neoplastic transformation, show a high degree of correlation. These data suggest-this assay system
may lend itself to a rapid screen (9-13 days) of chemicals for carcinogenic potential. Cytotoxic results showed no
significant difference in shale oil or petroleum derived 3P5 or DFM. Co-carcinogenic potential of 3P3, 3PIO, R35, and
DFM are being evaluated.

Introduction

Previous studies from this laboratory showed chemical carcinogens inhibited virus-directed feline sarcoma virus
transformation of human skin fibroblast (HSF) cells at non-toxic concentrations (). The carcinogen treatment inhibited
a specific virus gene function, i.e., transformation, but not virus synthesis. Other viral gene products, RNA-dependent
DNA polymerase (RDOP), Group-Specific Antigens (GSA) and Feline Oncornavirus Associated Cell Membrane Antigen
(FOCMA), were detected in both carcinogen-treated or non-treated virus infected cells (2). These studies suggested the
inhibitory effect on virus -directed transformation was mediated by the carcinogens, while the inhibitory effect on
complete virus synthesis was cell mediated. Further, the inhibitory effect of the carcinogens was abrogated when
chemicals were added to virus-infected cells 48 hrs. post-infection.

Hydrazine and its derivatives have widespread use in medicine, agriculture, and aerospace research (3). While
many biologic effects of hydrazine (HZ) and its derivatives, monomethyl hydrazine (MMH), 1,1 dimethylhydrazine
(UDMH), and 1,2 dimethylhydrazine (SDMH) have been studied in animals, extrapolation of these biologic effects to man
has been difficult because of differential responses manifested in diverse species of test animals. Additionally, the
different chemical properties of each of these chemicals has led to differential physiological responses within the same
species. For example, Diwan et a. (4) concluded that genetic differences with inbred strains of mice affected the
response of DMH carcinogenesi" 'Tus, carcinogenesis assays in rodents may lead to false negative results based on that
genetic strain used in the assay. Ideally, economic, short-term, reliable in vitro assays would be invaluable in
determining carcinogenic potential of chemicals.

In this study, we examined the co-carcinogenic effect of alpha-naphthylamine (ANA), phenyl-alpha naphthylamine
(PANA), phenyl-beta naphthylamine (PBNA), HZ, MMH, UDMH, and SOMH on Snyder-Theilen feline sarcoma virus (ST-
FeSV) transformation of HSF. The effects were further correlated with in vitro chemical transformation of HSF
described by Milo and Blakeslee (3). Cytotoxic analyses of petroleum and shaleo|iF"rived jet fuels are also presented.

Materials and Methods

Cells

U Human foreskin fibroblast cells (Detroit 330-CCL109, American Type Culture Collection, Rockville, MD) were
grown in Minimal Essential Medium with Earles salts supplemented with 1.0 mM sodium pyruvate, 2 mM glutamine, 1%
non-essential amino acids, 50pg/ml gentamycin (Schering Diagnostics, Port Reading, N3) and 10% fetal bovine serum
(Sterile Systems, Logan, UT), thereafter designated Complete Medium (CM). Cells were serially passaged every 3-4
days at 1:2 split ratios and incubated at 37 C in 5% CO 2 .

Virus

The preparation of stock ST-FeSV was described previously (6). Briefy, 10% cell-free homogenates were prepared
and frozen at -85C in LI medium and 5% FBS.

Co-Chemical Virus Assays

Preconfluent log phase growth HSF cells were trypsinized and 4 X 10 cells seeded onto 16 mm wells (Costar,
Cambridge, MA) in 1.0 mi CM and incubated 19 hrs. prior to treatment. Cells pre-treated with chemicals prior to virus
infection were incubated 90 min. with appropriate chemical concentration at 2, 6, or 24 hr. pre-infection. Cells were
washed 2X in CM, refed and incubated at 37C until virus infection. Cells to be infected were washed with serum-free
CM and treated with 0.2 ml ofDEAE-Dextran (40anl (Sigma, St. Louis, MO) in serum-free CM. After 20 min., the cells
were washed with CM + 5% FBS, infected with 0.05 ml ST-FeSV, diluted to 1,000 focus forming units (FFU) per mi.
Twelve wells were used for each time period. Plates were rocked at 10-1 min. intervals and virus adsorbed 2 hr. at
37C. After adsorption, the inocula were aspirated and cells refed with 2.0 mi CM. Virus infected cells were treated at
2, 6, or 24 hr. following virus adsorption by incubating infected cells with designated concentration of chemical for 90
min. followed by washing and refeeding cells with 2.0 ml CM. The cells were refed with CM on the 6th day post-
infection (PI), and subsequently fixed with 10% phosphate buffered formalin and stained with Giemsa 3-4 days later.
Foci were counted at 25-40X with a dissecting microscope in non-treated (control) and chemically treated wells. FFU +
S.D. were determined for each treatment time and significance determined by Student's "t" test.
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Chemicals

ANA, PANA, and PBNA were dissolved in spectral grade acetone at 1.0 mg/mI. Prior to ise, dilutions were made
in CM to experimental concentrations. HZ, MMH, and UDMH were pipetted into CM at I X 10 ppm and diluted in CM
to experimental concentrations. SDMK was dissolved in 0.1-N HCi at a concentration of 10 mg/ml and diluted in CM to
experimental concentrations.

Both petroleum or shale oil derived fuels were dispersed in equal volumes of 20% Triton-X (Sigma, St. Louis, MO)
serum-free CM with shaking. Dilutions tested were from 3000 to 0.3 ppm. Eight wells, seeded with 500 cells/well, were
treated for 90 min., washed and refed with CM supplemented with 20% FBS. Cultures were incubated 9-10 days, fixed
in 10% btffered formalin, stained with Giemsa, and clones containing at least 50 cells were counted. Toxicity was
determined by dividing the average number of clones in treated wells by the average number of clones in control wells.
LD values were determined by plotting percent survival (ordinate) against concentration (Abclssa, log scale) on 3-
cy;A2 semi-logarithmic graph paper. LD50o0S were then determined by inspection.

Results

Naphthylamines

PANA treatment resulted in a dose-related suppressi--, of transformation (Fig. IA). Cells treated with 10 J~gmI
resulted in significant inhibition of transformation at all time periods tested. Results with 20 /pg/ml were similar,
although treatment at 6 hrs. post-infection approached control values. Cells treated with 0.1 gAg/mI showed no
difference in transformation frequencies from untreated controls.

Treatment with 10 pg/ml PBNA resulted in suppression at all time periods tested (Fig. 18). Inhibition of
transformation ranged from values of 40% to 65% inhibition. However, cells exposed to 0.01 pg/ml before ST-FeSV

infection resulted in enhanced focus formation at -2 hrs. whereas significant inhibition was observed when virus infected
cells were treated 6 hrs. post-infection.

Figure IC shows the effect of 10 pg and 0.01 pg/ml ANA. Both concentrations used inhibited ST-FeSV
transformation, with the most significant inhibition observed when cells were treated from 2-6 hrs. pre-infection. Cells
treated 6 hrs. or 24 hrs. post-virus infection had no effect on virus transformation.

Hydrazines

MMH (100 ppm and 10 ppm) significantly enhanced virus transformation in a dose-dependent manner when ceils
were exposed 2 hrs. pre-infection (Fig. 2A). Conversely, treatment of virus-infected cells resulted in significant
inhibition of transformation when cells were treated 2 hrs. or 6 hrs. post infection. No effect was noted at 24 hrs. post-
infection.

SDMH (100 pg/mI and 10 esg/ml) likewise enhanced virus transformation when cells were treated 2 hrs. pre- -

infection (Fig. ZB). in virus infected cells, SOMH treatment inhibited transformation by values ranging from 20% (10 .. ..
p g/ml) to 30% (100 pg/mI). The inhibitory effect was observed at 2 hrs. post-infection, but not at 6 or 24 hrs. post-
infection.

The effects of UDMH on virus transformation are shown in Fig. 2C. One hundred or 10 ppm exposure to UDMH
inhibited transformation at 3 different time periods in relation to virus infection. UOMH inhibited transformation by
values ranging from 25% to 30% when cells were exposed 6 hrs. before or 2 hrs. and 24 hrs. post-infection.

The results of HZ (60 ppm and 6 ppm) exposure are shown in Fig. 2D. Fig. 20 is a composite figure of 3 separate
experiments showing HZ effects on virus transformation. Like SOMH and MMH, cells exposed to HZ 2 hrs. pre-
infection, significantly enhanced virus transformation whereas exposure 2 hrs. post-virus infection significantly
inhibited virus transformation as did MMH, SDMH, and UDMH.

Cytotoxicity of Fuels

Petroleum derived (PD) or shale oil derived (SOD) 3P5 or diesel fuel, marine (DFM) cytotoxic analyses are shown
in Table 1. The results show no significant difference in toxicity values between SOD or PO fuels. LD 's for SOD, 3P5
and PD-MPS were 102 ppm and 100 ppm, respectively, SOD-DFM and PD-DFM were g ppm and 87 $m. LD5 0 's for
3PI0 and R33 were 91 ppm and 19 ppm, respectively.

Table 1. L0 5 0 cytotoxicity of shale oil and petroleum derived fuels in HSF cells.

Derived
Fuel From LD, (pm)

3P3 Shale 102
3P3 Petroleum 100

DFM Shale 85
DFM Petroleum 87

R33 Petroleum 19

3PI0 Petroleum 91

I DPM diesel fuel, marine
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Fig. 2. HSF cells were plated in 16 mm diameter wells with 2.0 ml CM and incubated overnight. Cells were treated
with ANA as described in Materials and Methods. W- indicates cells treated before virus Infection (Its). We.
indicates cells treated after virus Infection (hrs). *- significance determined by Student "It" test. A-MMH, B-
SDMH, C-U;D&IH and 0-HZ. 0 is a composite of 3 separate tests. Each point - n 43 - S.D.
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Discussion

The co-carcinogenic effects of hydrazine and its derivatives and naphthylamines described in this report, when
correlated with in vitro chemical transformation and neoplastic transformation, show a high degree of correlation
(Table 2).

ANA, PANA, and PBNA showed 100% correlation with the two parameters, whereas MMH and SDMH showed
activity in the co-carcinogenesis assays, but not in the carcinogenesis assays. HZ and UDMH, like the naphthylamines,
showed 100% correlation with in vitro chemical transformation and neoplastic transformation. The inhibition of
transformation from chemical trr'tm"t was not a result of cell killing in that sub-toxic concentrations were used.

Table 2. Correlation between inhibition of virus transformation, in vitro chemical transformation and
f neoplastic transformation.

In Vitro
Chemical C r-ical I Neoplastic Inhibition of
Group Transformation Transformation ST-FeSV Transformation

I Naphthylamines

I. ANA Yes Yes Yes
2. PANA Yes Yes Yes
3. PBNA Yes Yes Yes

II. Polycyclic Hydrocarbons

I. SAP
2  Yes Yes V.%

2. Pyrene No No No

Il Hydrazines

1. HZ Yes Yes Yes3

2. MMH No No Yes
3. UDMH Yes Yes Yes3
4. SDMH No No Yes

2 Courtesy Dr. George Milo
3 SAP - Benzo(a)pyrene
- Significant enhancement - 2 hrs. pre-infection

Enhanced virus transformation by HZ, MMH, and SDMH observed when cells were exposed 2 hrs. pre-infection,
may be related to cell growth stimulation shown by these chemicals in dose survival studies (data not shown). Similar
findings of cell stimulation have been observed with murine and feline lymphocyte cultures (7). The major effect on
virus transformation (inhibition) occurred with all test chemicals when virus infected cells were exposed to the

Uappropriate concentrations. The temporal relationship of chemical treatment to virus infection appears more critical
with the hydrazines than with the naphthylamines in that maximum inhibition occurred when virus infected cells were
exposed to the hydrazines 2 hrs. post-infection, whereas this inhibitory effect was observed at all 6 time periods with
PANA and PBNA and at 3 time periods with ANA.

Cytotoxicity results showed no significant difference in shale oil or petroleum derived fuels. Co-carcinogenic
effects with ST-FeSV are being evaluated. HZ, MMH, UDMH, SDMH, and PANA have shown mutagenic, teratogenic, or
carcinogenic properties depending upon the assay used (7-11). Thus, these chemicals interact with host cell
transcription or translational processes. In previous studies, we concluded the inhibitory (anti-carcinogenic) effect of
benzo(a)pyrene, aflatoxin BI or N-acetoxy-2 fluorenyl acetamide on virus transformation was not due to decreased
cellular proliferation or virus synthesis (1,2). Further, the anti-carcinogenic effect was abrogated when cells were
exposed -24 hrs. post-infection. The temporal relationship between infection and treatment suggested chemical
interference with FeSV proviral synthesis or Integration into host cell DNA.

Contrasting results have been reported on the interaction of chemical carcinogens and oncogenic RNA viruses.
For example, in vivo studies showed either an anti-carcinogenic (12,13), co-carcinogenic (l4,l) or no effect (16,17) on
transformatode-"nding on the virus or chemical used in the experiments. Whereas in vitro studies with rat or mouse
cells showed synergism (12-20).

We previously reported anti-carcinogenic activity with three known carcinogens on FeSV transformation of human
cells in vito. A recent report by Rhim and Arnstein (21) described anti-carcinogenic activity of an oncogenic murine
virus 3n 7emical-induced transformation of canine cells.

Thus, the mechanism(s) of chemical, virus, or co-chemical-virus transformation remain unknown and further
studies are warranted to evaluate these interactions.
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