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FOREWORD

Opinions, interpretations, conclusions and recommendations are
those of the author and are not necessarily endorsed by the US
Army.

Where copyrighted material is quoted, permission has been
obtained to use such material.

Where material from documents designated for limited
distribution is quoted, permission has been obtained to use the
material.

QUS‘ Citations of commercial organizations and trade names in
this report do not constitute an official Department of Army
endorsement or approval of the products or services of these
organizations.

@dﬂ In conducting research using animals, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory
Animals,™ prepared by the Committee on Care and Use of Laboratory
Animals of the Institute of Laboratory Resources, National
Research Council (NIH Publication No. 86-23, Revised 1985).

For the protection of human subjects, the investigator(s)
adhered to policies of applicable Federal Law 45 CFR 46.

jzﬁﬁ In conducting research utilizing recombinant DNA technology,
the investigator(s) adhered to current guidelines promulgated by
the National Institutes of Health.

In the conduct of research utilizing recombinant DNA, the
investigator (s) adhered to the NIH Guidelines for Research
Involving Recombinant DNA Molecules.

In the conduct of research involving hazardous organisms,
the investigator(s) adhered to the CDC~NIH Guide for Biosafety in
Microbiological and Biomedical Laboratories.
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The broad, long-term objective of our laboratory is to use fish as a model
system to better understand factors which promote tumor production and to develop a
reliable and sensitive means of detecting carcinogens in aqueous environments.
Studies of oncogene activation and tumor production in fish will contribute to our
understanding of the molecular basis of carcinogenesis. Increased knowledge of
molecular mechanisms of tumor progression in vivo may be used in the development of
sensitive systems for the detection of potentially harmful environmental
contaminants. In these studies we have examined the role of oncogene activation in
tumors in Japanese medaka (Oryzias latipes) induced by specific carcinogens. The
medaka has been widely used for carcinogenicity testing in the past decade. 1In
studies described here, we used fish which were exposed to diethylnitrosamine (DEN)
and methylazoxymethanol acetate (MAMAc). A significant proportion of exposed
animals developed a variety of liver tumors. DNA extracted from these livers was
analyzed in transfection assays for the presence of transforming genes. We have
also initiated studies on oncogene expression in normal tissue and are continuing

_the analysis of the sequence of a novel oncogene detected in a DEN-induced

cholangiocarcinoma.
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INTRODUCTION

The study of oncogene activation in chemically-induced tumors in the
Japanese medaka is part of an ongoing study to evaluate the use of non-

mammalian species for carcinogenicity testing. The medaka, which has been
used for carcinogenicity testing for well over a decade (Hoover, 1984), is
well suited for these studies. Its small size allows treatment of large

numbers of animals in a small space which provides statistically relevant
numbers. Medaka can be induced to breed year round, provide large numbers of
eggs and are easy to culture. Induction of tumors has been reported in nearly
every organ by agents known to be carcinogenic to humans. Unlike some strains
of rodents now used for testing, the incidence of spontaneous tumor formation
in medaka is nearly zero (Hawkins, personal communication). A low incidence
of spontaneous lymphomas has been reported in medaka (Battalora et al., 1990).

Examination of changes at the genetic level, however, is just beginning.
Modern molecular oncology has focused on the interactive roles of two classes
of genes involved in tumor development: the cellular oncogenes - dominant
cellular genes with key roles in the control of cell growth and
differentiation; and suppressor genes-recessive genes which act as negative
regulators of cellular proliferation. The functions of these genes have been
extensively studied in human and other mammalian tumors, Drosophila, Xenopus
and yeast. Research at the molecular level in teleost fish, however, has
lagged far behind. It wasn’'t until 1986 that the first oncogenes from fish -
ras (Nemoto et al. 1986) and myc (Van Beneden et al., 1986) - were cloned and
sequenced. Since that time the field of teleost oncogene research has
virtually exploded (Van Beneden, in press) with efforts concentrated on the
roles of these genes in the tumor formation. The use of fish models promises
to provide important contributions to the field of cancer research.

The results of the studies reported here on the molecular basis of tumor
induction in the medaka provide further clues in the ongoing investigation of
the role of oncogenes in the development of chemically-induced tumors. The
data further indicate that the medaka would be an excellent candidate for the
testing of the potentially carcinogenic effects of water-borne toxicants.

BODY
I. EXPERIMENTAL METHODS
A. Tumcr induction

Fourteen-day-old medaka fry were exposed to MAMAc at 20mg/liter for 2
hours. Animals were then transferred to aquaria containing clean water. Fish
were sacrificed at three and six months post-exposure. Livers were excised
and a portion was preserved by fixation in Bouin’s solution and subsequently
stained with hematoxylin and eosin for histopathological analysis. The
remaining tissue was immediately frozen in liquid nitrogen and stored at -70°
until DNA was extracted.

Exposure of fourteen-day-old fry to DEN (200 mg/liter) and subsequent
sacrifice of the fish was by a similar procedure, described previously in
detail (Van Beneden et al. 1990).




B. Transfection Analysis

A transfection assay using mouse fibroblast (NIH3T3) cells modified from
Graham and van der Eb (1973), was used to identify oncogenes in fish tumors.
DNA used in transfection studies was extracted by quick dounce homogenization
(Van Beneden et al. 1988; Van Beneden et al. in press). Twenty ug of high
molecular weight fish DNA was co-transfected with the pSVjneo plasmid in the

presence of calcium phosphate. Cells were grown in the presence of G418
(geneticin) for two weeks and drug resistant colonies harvested by
trypsinization. The cells were pooled, and divided among three assays:

(a) standard focus assay; (b) nude mouse assay; (c) colony selection assay.

In the standard focus assay, cells were replated and grown to conflu-
ency. Selected foci were picked, expanded and DNA isolated for further
anglysis. Cells from the same pool were injected into athymic mice at 1.5 x
10° cells/mouse with 1-2 mice injected per plate of cells (Blair et al. 1982).
Mice were examined for tumor formation at the site of injection (usually in 6-
8 weeks). In the colony-selection assay, cells were replated in a defined
serum-free media (QBSF, Quality Biologicals) both in the presence and absence
of a low amount (0.1%) of fetal calf serum. Transformed cells formed colonies
in the absence of serum, usually within two weeks.

In order to confirm that cells picked as foci in the standard focus
assay or as colonies in QBSF selection were true transformants, we expanded
these cells and grew them in soft agar (McPhearson and Montegnier, 1964). 1In
this assay, cells are suspended in a soft agar media and examined for growth
after two weeks. NIH3T3 cells which normally require a hard surface to attach
are unable to grow in this media. Transformed cells will grow and form small
colonies.

C. Sequence Analysis

A genomic DNA library was previously prepared in a lambda based vector
(EMBL4) using DNA from NIH3T3 cells co-transfected with DEN-induced megska
tumor DNA and pSV,neo DNA. Several positive clones were isolated using -
labeled pSVgoneo as a probe. Further screening of this 1library and
investigation into the DNA sequence responsible for the transformation of the
NIH3T3 cells has proceeded in two directions.

First, the screening of the genomic library using pSVyneo has continued.

The first screens were performed under low stringency conditions (35%

ggrmamide at %ZOC) using Pvull-digested pSVjyneo DNA which was labeled with

P-dATP and ““P-dCTP by the random primer method (Feinberg and Volgelstein,
1983).

Second, a clone designated as C-7 isolated in a previous screen was
examined for the presence of DNA fragments which did not hybridize to either
the co-transfected pSVjyneo DNA or to the EMBLA vector DNA. It is assumed that
these fragments would contain a portion of the DNA sequence responsible for
the transformation of the NIH3T3 cells. Phage DNA isolated from the C-7 clone
was subjected to restriction analysis using various enzymes which do not cut
pSVpneo and which only have 1 or 2 restriction sites in lambda DNA (see Table
I). These digests were analyzed on a 1% agarose, 1X TBE gel (Figure 1) and
transferred to a nitrocellulose filter. The filter was then hybridized with




the pSVjneo probe and exposed to f}lm. The probe was stripped from the filter
and the filter rehybridized to P labeled EMBL4 DNA. The largest fragment
vhich was produced by digestion with the restriction endonuclease Sacl was
isolated and purified by agarose gel electrophoresis and adsorption to glass
beads, using the Gene Clean Kit (Promega). It was then subcloned into
dephosphorylated, Sacl digested pBluescript KS. Recombinants were selected by
a combination of two methods. First transformed XL1-Blue cells were plated on
X-gal/IPTG, LB, ., plates. White or recombinant colonies were then selected
and grown for isolation of DNA. The DNA was then run on an agarose gel and
transferred to a nitrocellulose membrane. This was then hybridized using the
C-7 fragment and positives selected.

C. Gene expression Analysis

Tissues were collected from different developmental stages of medaka for
the isolation of RNA in order to establish the pattern of expression of
cellular oncogenes during normal development. Preliminary experiments were
done using liver tissue from adult medaka. RNA was isolated from normal
medaka adult liver (Chirgwin et al., 1975) and used to prepare a cDNA library.
Due to difficulties in isolating sufficient quantities of mRNA, total RNA was
used in these initial attempts to make a cDNA library. The cDNA was ligated
to EcoRI adaptors and ligated into the EcoRI site of the cloning vector lambda
GT10 (Stratagene).

In other experiments, RT-PCR (reverse-transcriptase polymerase chain
reaction) was used to amplify a 157 bp segment of the p53 suppressor gene.
Primers were prepared using regions conserved among rainbow trout and higher
organisms as templates.

II RESULTS

A. transfection studies

(1), DEN-exposed animals

Studies using DNA isolated from DEN-exposed medaka were initiated to
confirm the results of the preliminary experiments with DEN-treated animals.
These assays are done as a blind study so that results were correlated with
the histopathology only after the transfection analysis was completed (Table
I1).

Efficiency of the transfection assay was measured by the number of cells
which survive drug treatment (i.e. exposure to G418). Cells exposed to G418
(a neomycin analog) will grow only if they have incorporated DNA from the
plasmid pSV,neo. This plasmid contains a neomycin resistance gene and was
cotransfected with the fish tumor DNA. Efficiencies of a secondary
transfection (TR20) and a primary transfection (TR21) are reported in
Tables III and IV respectively. The transfection efficiency of the various
fish tumor DNAs is compared to that of a calf thymus DNA standard. As is
evident from these data, the transfection efficiencies have greatly improved.
In transfection TR21, the numbers of drug-resistant cells containing fish
tumor DNA was actually higher than the calf thymus control. This may be
attributed both to better quality of DNA as well as modifications in the
transfection procedure.




Results of a primary transfection (TR21) using medaka tumor DNA are
summarized in Table V. The numbers of foci observed in the Standard Focus
Assay were relatively 1low. DNA from two DEN-exposed individuals induced
significant numbers of foci in NIH3T3 cells. Cells transfected with DNA from
the DEN-exposed fish were also positive in the colony selection assay.

Tumorigenicity testing in nude mice using cells from TR21 are reported
in Table VI. This assay is still in progress for cells from transfection
experiment TR21 and we are unable to draw any conclusions at this time. We
have recovered tumors from three animals injected with cells from transfection
TR16, after a long time of incubation. Two of these were histologically
normal. The third (L88-308-4-4) was diagnosed as having a hepatocellular
carcinoma.

Results of the soft agar assay using cells expanded from foci isolated
from transfection TR21 are summarized in Table VII. The numbers of colonies
observed were relatively low. However, cells transfected with DNA from DEN-
exposed fish # 188-308-4-2 was able to grow in this assay. Preliminary
histopathological analysis indicated that tissue from this animal appeared
normal.

(2) MAMAc-exposed animals

Transfection assays were also done using DNA samples from medaka which
had been exposed to MAMAc and sacrificed 3 or 6 months post-exposure. The
histopathology of the three month samples is given in Table VIII. Results
obtained in transfection TR23 are summarized in Table IX. Tumorigenicity
studies in nude mice are still in progress. DNAs from medaka AA-91-351-5-19
(TR23-14) which contained a cholangiocarcinoma and medaka AA-91-351-4-4
(TR23-16) which had a mixed hepato-cholangiocarcinoma were positive in both
the standard focus assay and the colony selection assay. DNA from medaka AA-
91-351-4-18 (TR23-12/13) whoce liver contained hepatocellular vaculation and
moderately severe bile duct hyperplasia was also transformation positive, but
to a lesser degree. DNA from medaka  AA-91-351-4-17 (TR23-17) which was
identified as possessing a cholangiocarcinoma was negative in our assay.

A Southern blot of DNA from NIH3T3 cells transfected with DNA isolated
from MAMAc-exposed medaka (TR23) is shown in Figure 3. Transfected cell DNA
was digested with Pstl, size fractionated on a 20x20cm 0.8% agarose gel and
transferred to nitrocellulose. Duplicate gﬁftions were hybridized at low
stringency (37°C, 35% formamide) to either -P labeled p53 (human, Oncor;
lanes 15-20), c-myc (the 1.5 kb EcoRI -PstI fragment from rainbow trout which
contained exons II and III; lanes 9-14) or K-ras (from mouse, plasmid pHiHi3;
lanes 1-7) probes. No apparent activation of K-ras or myc was observed.
However, two amplified PstI bands were observed in digests from TR23-14 and
TR23-16, the cholangiocarcinoma and the mixed hepatocellular carcinoma,
respectively, which were hybridized to the p53 probe. These results suggest
that the p53 gene may be amplified or mutated in these tumors. Further
experiments to verify this hypothesis are in progress.

DNA was also isolated from MAMAC-exposed fish at 6-months post exposure
and analyzed in transfection TR24. Table X shows that the efficiency of this
transfection was much 1lower than expected. Results of the standard
transfection assay are given in Table XI. The histopathological identity of
these samples has not yet been determined. Tumorigenicity studies in nwde




mice are also still in progress. Due to the very low efficiency of this test,
it is currently being repeated.

B. Sequence analysis

The determination of the gene sequence responsible for the transfor-
mation of NIH3T3 cells transfected with DEN-induced medaka tumor DNA has been
following two lines. The first of these is the continued screening of the
genumic 1library. 67 recombinant clones which hybridize to the co-
transfectant pSVyneo under low stringency conditions were isolated. However,
when these clones were rescreened under high stringency conditions (50%
formamide at 42°C) no positive clones were detected. Analysis of pSVyneo DNA
used as probe revealed three bands by agarose gel electrophoresis, indicating
a reannealing or possibility degradation of the DNA. Attempts to reculture
the clone from glycerol stocks were unsuccessful. A new culture of pSV,neo in
pBR322 was obtained and plasmid DNA was isolated on a CsCl gradient. Tﬁis DNA
will be used to continue the screening of the genomic library.

The second aspect of the identification of the transforming gene
involves the identification and characterization of the C-7 clone. The clone
was digested with the restriction enzyme Sac I and three fragments not
hybridizing to either EMBL 4 or pSVjyneo were isolated and subcloned (see
Figures 1 and 2). The large Sac I fragment, Sacl, is approximately 9-12 kb
and was subcloned into pBluescript KS. Because Sacl is near the limit for
insert size of the plasmid it has been difficult to maintain the fidelity of
the subclone. Therefore, Sacl has been divided into more manageable fragments
using the restriction enzymes, Xba I and Bam H1. Digestion with Xba 1
resulted in two fragments possessing Xba/Xba ends. These were subcloned and
are identified as Xba3 and Xba7.

Xba3 is 533 nucleotides long and has been completely sequenced in one
direction and is currently being verified in the reverse direction. The
location of this fragment in Sacl is unknown at this time. In addition, it
appears that Xba3 contains a characteristic C-A rich region. Data searches
of Genebank and EMBL have shown that similar C-A regions have been identified
in other fish genes as well as in many mammals and other organisms, most often
in the regulatory portion of the genomes. However, no homology greater than
35% was identified to any other reported gene.

Xba 7 is roproximately 6.0-6.5 kb and is currently being sequenced in
both directions. The 5' end of the Xba7 fragment occurs at base 192-198 of
Sacl and will be used to extend the sequence of this fragment. No comparable
sequence has been identified in Genebank or EMBL. Digestion with Bam Hl
resulted in the subcloning of one fragment with Bam Hl/Bam K1 ends. This
subclone, Baml, is approximately 4-5 kb and is currently being sequenced in
both directions. The position of this subclone in Sacl is unknown at this
time.

The other two Sac I fragments, Sac2 and Sac3 (see Figure 2), have been
subcloned into pBluescript SK. Sac2 is approximately 3.5-4.5 kb and Sac3 is
slightly smaller at approximately 3-4 kb. Both subclones are currently being
sequenced in both directions with approximately 1/3 of the sequences
identified.




The size of t*: C-7 gene is approximately 17,000 nucleotides suggesting
that only a fragment of the total gene has been isolated. Therefore the

library will be screened using the new pSVjyneo DNA preparation. Sequence
analysis -ill also continue utilizing the six subclones of the C-7 gene
isolated and inserted into pBluescript SK. Additional experiments will

inclule identification of fish DNA in the transformed 3T3 cells.
C. Gene Expression Studies

Trial packaging experiments indicated that very low numbers of recom-
binants were present in the cDNA libraries derived from adult liver tissue.
This suggests a problem at the ligation step and will require that the
experiment be repeated.

Initial attempts to identify expression of the medaka p53 gene in adult
liver using RT-PCR were also unsuccessful. Modifications of the protocols
are now in progress. Primers are also being piepared to other known
oncogenes, such as ras, myc and ets.

III. Discussion

MAMAc 1is the stable aqueous form of methylazoxymethanol (MAM), the
active carcinogenic component of the naturally occurring glucoside carcinogen
cycasin. MAMAc appears to be metabolically activated in tissues by esterases
and NAD-dependent dehydrogenases (Grab et al., 1977). The carcinogenicity of
MAMAc in higher animals is well documented (Zedeck et al., 1977; Sieber et
al., 1980). MAMAc has also been reported in previous studies to induce tumors
in fish (Aoki and Matsu daira, 1981; Hawkins et al., 1986; Fournie et al.,
1987; Van Beneden et al., 1990).

The identification of the transforming gene detected in the MAMAc-
induced tumors is also still unknown. In order to confirm that the trans-
formation of NIH3T3 cells is due to fish sequences, restriction digests of
DNA isolated from transfected cells will be analyzed on Southern blots for the
presence of fish-specific sequences. Duplicate Southern blots will also be
hybridized to radiolabelled probes of known oncogenes in order to identify
activated oncogenes. These studies are in progress.

DEN is one of the most potent and extensively studied mammalian liver
carcinogens. Metabolic activation of DEN via a-hydroxylation results in an
electrophilic metabolite which is able to ethylate a variety of sites in DNA.
In a recent study (Stowers et al., 1988), DNAs isolated from DEN-induced
tumors in B6C3F; mice and Fisher 344 rats were examined for the presence of
activated cellular oncogenes using a transfection technique similar to the one

described here. Somewhat unexpectedly, the incidence of activated ras
oncogenes detected (14/33) in B6C3F1 mouse liver tumors was significantly
lower that reported for other chemically-induced mouse liver tumors. The

authors suggested that it is probable that multiple pathways exist for the
formation of liver tumors in this strain of mouse. Activation of the H-ras
oncogene may be one event in some but not all of these pathways. In contrast,
DNA isolated from only one of the Fisher 344 rats was able to produce foci in
NIH3T3 cells. These results were supported by data from previous studies which
reported that ras activation was not consistently observed in tumors in Fisher
rats induced by a variety of chemicals.
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DEN has been used to induce a variety of tumors, also primarily of
hepatic origin, in several species of fishes (Park and Kim, 1984; Schultz and
Schutlz, 1988; Grizzle and Thiyagarajah, 1988; Lee et al., 1989; McCarthy et
al., 1991). Activated ras oncogenes have been detected by transfection
analysis of DNA from several fish tumors. Other studies of molecular analysis
of DEN-induced tumors in fish have not been reported. The gene detected in
the DEN-induced cholangiocarcinoma does not appear to be homologous by
Southern blot analysis to any of the known oncogenes that were used as probes.
Sequence data to date support this conclusion. This strongly suggests that it
may be a novel oncogene. This supports the conclusions of Stowers et al.
(1988) of the existence of multiple pathways which do not involve the
activation of ras genes.

CONCLUSIONS
I. Significance of completed work

Results of the transfection analysis of tumor DNA from both MAMAc and
DEN-exposed fish indicate that, 1like mammals, fish tumors have activated
transforming genes which are able to transform NIH3T3 mouse fibroblasts in
vitro.

Analysis of DEN-exposed medaka revealed very few tumors in this
transfection study. The examination of transfect DNA on Southern blots did
not indicate activated oncogene homologs. Studies to date are inconclusive.
A second exposure to DEN has just been initiated which will provide more tumor
tissue for further transfection analysis. Previous studies of a DEN-induced
cholangiocarcinoma had indicated that a novel oncogene may have been activated
in this tumor. Cloning and sequence analysis of this gene has not yet
revealed significant homology to known genes. These preliminary findings are
in support of our hypothesis that a novel transforming gene has been activated
in the cholangiocarcinoma.

Analysis of the MAMAc-exposed fish is still in progress. The trans-
fection data indicate that DNAs isolated from both a cholangiocarcinoma and a
mixed cholangiohepatocellularcarcinoma are able to transform NIH3T3 cells.
Southern analysis of DNA from transformed cells suggests that the suppressor
gene, p53, may be amplified. Further studies should indicate the molecular
basis of these chemically-induced tumors.

II. Recommendations for future work

It is recommended that the work continue along the directions detailed
below. In addition, we suggest that the study include analysis of suppressor
genes and expand the chemical exposure studies to include aquatic carcinogens.
Suggested aquatic carcinogens include trichloroethylene, polycyclic aromatic
hydrocarbons, polychlorinated biphenyls or dioxin-related compounds. Future
studies may include exposure to more than one carcinogen, i.e. both an
initiator and a promoter.

III. Work to be performed in next reporting period

Studies will continue along the following lines: (1) Continue Southern
blot analysis of DNA from transformed cells and nude mouse tumors;
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(2) continuation of transfection studies using DNA from MAMAc-exposed fish;
(3) continuation of sequence analysis of the C-7 clone; (4) continuation of
oncogene expression studies during development.

(1) Southern blot analysis - In order to confirm that the transformation
of NIH3T3 cells is due to fish sequences, we will examine DNA restriction
digests of transfected cells on Southern blots for the presence of fish-
specific sequences. We will also hybridize them to known oncogene
radiolabelled probes in order to identify known activated oncogenes. We will
repeat the Southerns of TR23 DNA in order to confirm the presence of a mutated
p53 gene in two of the transfectants. These studies are in progress.

(3) Transfection experiments - Exposure of medaka to DEN and MNNG, in
separate experiments, are currently in progress. Livers and other tumor-
bearing tissue will be excised fiom the fish, a portion preserved for
histopathological analysis and the remainder frozen for DNA extraction. DNA
will be extracted from these fish and analyzed by trarsfection analysis as
described previously. Primary transfections of MAMAc-exposed fish (from 6-

month growout) will continue. We will follow these with secondary trans-
fections.
(4) Cloning experiments - During the next year, efforts will be

concentrated on obtaining the sequence for the C-7 clone. The BamHI and Xbal
subclones will be sequenced in an effort to obtain information on the internal
nucleotide composition of the clone. In addition, the genomic library will be
rescreened with a new pSVyneo DNA probe.

(5) Oncogene expression - We will continue efforts to prepare a cDNA
library from normal adult liver tissue. This will serve as the standard for
comparison to genes expressed during different developmental stages. We will
also continue to develop methods using reverse-transcriptase PCR to identify
transcripts of oncogenes and suppressor genes Iin RNA isolated from different
developmental stages.

12




REFERENCES

Aoki, K. and Matsudaira, H. 1981. Factors influencing tumorigenesis in the
liver after treatment with methylazoxymethanol acetate in a teleost, Oryzias
latipes. In: Phyletic Approaches to Cancer. C.J. Dawe et al., eds. Tokyo:
Japan. Sci. Soc. Press, pp. 205-216.

Battalora, M.S.T.J., Hawkins, W.E., Walker, W.W. and Overstreet, R.M. 1990.
Occurrence of thymic lymphoma in carcinogen bioassay specimens of the Japanese
medaka (Qryzias latipes). Cancer Res. (Suppl.) 50: 5675-5678.

Birnboim, H.C. and Doly, J. 1979. A rapid alkaline extraction procedure for
screening recombinant plasmid DNA. Nucleic Acids Res. 7:1513-1523.

Blair, D.G., Cooper, C.S., Oskarsson, M.K., Eader, L.A., and Vande Woude, G.F.

1982. New method for detecting cellular transforming genes. Science
218:1122-1125.

Chirgwin, J.M., Przbyla, A.E., MacDonald, R.J. and Rutter, W.J. (1975)
Isolation of biologically active ribonucleic acid from sources enriched in
ribonuclease. Biochemistry 18:5294-5299.

Feinberg, A.P. and Vogelstein, B. 1983. A technique for radiolabelling DNA
restriction endonuclease fragments to high specific activity. Anal. Biochenm.
132:6-13.

Fournie, J.W., Hawkins, W.E., Overstreet, R.M., and Walker, W.W. 1987.
Exocrine pancreatic neoplasms induced by methylazoxymethanol acetate in the
guppy Poecilia reticulata. JNCI 78:715-725.

Graham, F.L. and van der Eb, A.J. 1973. A new technique for the assay of
infectivity of human adenovirus 5 DNA. Virology 52:456-467,

Grab, D.J. and Zedeck, M.S. 1977. Organ specific effects of the carcinogen
ethylazoxymethanol related to metabolism by nicotinamide adenine dinucleotide-
dependent dehydrogenases. Cancer Res. 37:4182-4189.

Grizzle, J.M. and Thiyagarajah, A. 1988. Diethylnitrosamine-induced hepatic
neoplasms in the fish Rivulus ocellatus marmoratus. Dis. Aquat. Org. 5:39-50.

Hawkins, W.E., Fournie, J.W., Overstreet, R.M., and Walker, W.W. 1986.
Intraocular neoplasms induced by methylazoxymethanol acetate in the Japanese
medaka (Oryzias latipes). JNCI 76:453-465.

Hoover, K. L. 1984. Use of small fish species in carcinogenicity testing.
Natl. Cancer. Inst. Monogr. 65:5-128.

Lee, B.C., Hendricks, J.I., and Bailey, G.S. 1989. Metastatic pancreatic
cells in liver tumors induced by diethylnitrosamine. Exper. Molec. Path.
50:104-113.

McCarthy, J.F., Gardner, H., Wolfe, M.J., and Shugart, L.R. 1991. DNA

alterations and enzyme activities in Japanese medaka (Oryzias latipes) exposed
to diethylnitrosamine. Neuroscience and Behavioral Reviews 15:99-102.

13




McPhearson, I. and Montegnier, L. 1964. Agar suspension culture for selective
assay of cells transformed by polyoma virus. Virology 23: 291-294.

Nemoto, N, Kodama, K., Tazawa, A. , Prince Masahito, and Ishikawa, T. 1986.
Extensive sequence homology of the goldfish ras gene to mammalian genes.
Differentiation 32:17-23.

Park, E-H and Dong, S.K. 1984. Hepatocarcinogenicity of diethylnitrosamine to
the self-fertilizing hermaphroditic fish Rivulus marmoratus (Telestomi:
Cyprinodontidae). JNCI 73:871-876.

Sambrook, J., Fritsch, E.F. and Maniatis, T. 1989. Meclecular cloning: A
laboratory manual, 2nd ed., Volumes 1, 2 and 3., Cold Spring Harbor Press,
Cold Spring Harbor, NY.

Sanger, F., Nicklen, S. and Coulson, A.R. 1977. DNA sequencing with chain-
terminating inhibitors. Proc. Natl. Acad. Sci. U.S.A. 745463-5467.

Schultz, M.E. and Schultz, R.J. 1988. Differences in response to a chemical
carcinogen within species and clones of the livebearing fish, Poeciliopsis.
Carcinogenesis 9:1029-1032.

Sieber, S.M., Correa, P., Dalgard, D.W., McIntire, K.R., and Adamson, R.H. 1980.
Carcinogenicity and hepatotoxicity of cycasin and its aglycone methylazoxy-
methanol acetate in nonhuman primates.J. Nat. Cancer Inst. 65:177-189.

Stowers, S.J., Wiseman, R.W., Ward, J.M., Miller, E.C., Miller, J.A.,
Anderson, M.W., and Eva, A. 1988. Detection of activated proto-oncogenes in
N-nitrosodiethylamine-induced liver tumors: a comparison between B6C3F; mice
and Fisher rats. Carcinogenesis 9:271-276.

Van Beneden, R.J. Oncogenes. In: Biochemistry and Molecular Biology of Fishes,
Vol. 2. Editors P.W. Hochachka and T.P. Mommsen, Elsevier Press, in press.

Van Beneden, R.J., Henderson, K.W., Blair, D.G., Papas, T.S. and Gardner,
H.S. 1990. Oncogenes in hematopoietic and hepatic fish neoplasms. Cancer Res.
(Suppl.) 50:5671s-5674s.

Van Beneden, R.J., Henderson, K.W., Gardner, H.S., Blair, D.G., and Papas,
T.S.: New models for oncogene isolation in the study of carcinogenesis. In:
Proceedings of Non-mammalian Toxicity Assessment Research Review, U.S. Army
Biomedical Research and Development, in press.

Van Beneden, R.J., Watson, D.K., Chen, T.T., Lautenberger, J.A., and Papas,
T.S. 1986. Cellular myc (c-myc) in fish (rainbow trout) : its relationship to
other vertebrate myc genes and to the transforming genes of the MC29 family of
viruses. Proc. Natl. Acad. Sci. 83:3698-3702.

Van Beneden, R.J., Watson, D.K., Chen, T.T., Lautenberger, J.A., and Papas, T.S.
1988. Teleost oncogenes: Evolutionary comparison to other vertebrate oncogenes

and possible roles in teleost neoplasms. Mar. Environ. Res. 24:339-343,

Vogelstein, S. and Gillespie, D. 1979. Preparative and analytical
purification of DNA from agarose. Proc. Natl. Acad. Sci. U.S.A. 76:615-619.

14




Zedeck, M.S. and Stermberg, S.S. 1977. Tumor induction in intact and
regenerating liver of adult rats by a single treatment with methylazoxy-
methanol acetate. Chem. Biol. Interact. 17:291-296.

15




Table I

Restriction sites in pSVyneo and Lambda DNA

Enzyme Cuts in neo Cuts
in Lambda
Apa 1 unknown 1
Bam H1 unknown 2
Eco R1 unknown 2
Kpn 1 0 2
Sac 1 0 2
Xba 1 0 1
Xho I 0 1

In order to determine restriction sites appropriate
for subcloning fragments of the C7 clone, several
restriction enzymes were used to digest pSV,neo DNA
and lambda DNA. Enzymes which did not cut within the
pSV,neo sequence and did cut £2 times within the
lamgda DNA (i.e. Sacl, Xbal, Xhol) were used to
prepare fragments for subcloning into Bluescript.
(See also Figs. 1-2).
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Table II

Identification of tumors in livers of DEN-exposed
fish used in transfection analysis

Fish Histopathology1

Medaka controls

1.88-308-2-3 normal

DEN-exposed medaka

188-308-4-2 normal

L88-308-4-4 hepatocellular carcinoma
188-308-4-6 questionable

1L88-308-4-8 cholangiocarcinoma
L88-308-4-10 questionable

K89-046-2-1 not examined

K89-046-3-6 not examined

1Pathology of samples was evaluated by Dr. Marilyn
Wolfe, Experimental Pathology Laboratory, Inc.,
Herndon, VA. In two samples (4-6 and 4-10), the
presence of neoplastic tissue was questionable.
Samples K89-046-2-1 and K89-046-3-6 were not
evaluated.
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Table III

Efficiency of a secondary transfection (TR20) of
NIH3T3 cells.

DNA Source Transfection Efficiency
(# drug-selected cells/plate)1

Calf thymus DNA 9.2 x 10°
TR16-5-1
(untreated medaka) 1.4 x 10S

1Average of 4 plates; 20 ug genomic DNA transfected
per plate. Original source of DNA for primary
transfection is given in parentheses.
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Table IV

Efficiency of primary transfection (TR21) of DNA
from medaka tissues

DNA Source Transfection efficiency
(# drug-selected cells/plate)

Calf thymus 5.2 x 107

Medaka contyrols

L88-308-2-3 10.1 x 10°

D§N2-exposed medaka

188-308-4-2 7.2 % 10°
L88-308-4-6 9.5 x 10°
L88-308-4-8 38.2 x 10°
L88-308-4-10 10.7 x 10°
K89-046-2-1 8.8 x 10°
K89-046-3-6 7.4 x 10°

1average of 4 plates; 20 ug genomic DNA transfected
n each,
diethylnitrosamine
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Table V

PriTary transfection of NIH3T3 cells with DNA from
DEN™-exposed medaka (TR21): Growth of G418-selected
cells in a standard focus assay (SFA) and colony
selection assay

DNA Source SFA Colony Selection
(average # (QBSF“ +
foci/plate) 0.1% serum)

calf thymus 0.3 0
medaka (untreated) 0.5 +1/2
DEN-exposed medaka
1L88-308-4-2 6 ++
1L88-308-4-6 11 ++
L88-308-4-8 1 -
1.88-308-4-10 1.5 0
K89-046-2-1 2 0
K89-046-3-6 1.5 +
1diethylnitrosamine

Quality Biologicals Serum-free media

Growth of colonies is measured relative to positive
control cells (mos-transformed NIH3T3 cells); +++,

growth similar to positive controls; 0, no growth

observed.

All exposed medaka show numbers of foci and growth in
soft agar at levels significantly higher than
background (cells transfected with calf thymus or
unexposed medaka DNA)
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Table VI

Results of Tumorigenicity Assay in Nude Mice: Primary
transfection of DNA from DEN-exposed animals (TR16 and
TR21)

DNA Source  #tumors/#mice injected time

calf thymus 0/1

TR16-10 1/1 10.5 wks
TR16-9 1/1 13.5 wks
TR16-7,8 o/1 14.5 wks

TR21-2

TR21-3,4 2/2 5.5 wks
TR21-6-1-1

TR21-8-1-1 --
TR21-8-2-1

TR21-9-2

TR21-10-1 --

TR21-10-2 --

TR21-11 --

TR21-14-3 --

TR21-15-1 --

TR21-16 1/1 4 wks

Time indicates the number of weeks from the day
injected to the onset of tumor development. (--)
indicates undetermined- these experiments are only in
their fourth week.

Sample identification (i.e. the plate number in the
transfection assay and the code number of the medaka
from which DNA was extracted) is as follows:

TR16-7,8, L88-308-4-4; TR16-9, L88-308-4-5; TR16-10,
188-308-2-1; TR21-2,3, and 4, calf thymus DNA; TR21-6,
L88-308-2-3; TR21-8, L88-308-4-2; TR21-9,10, L88-308-4-
2; TR21-11, 188-308-4-8; TR21-14, L88-308-4-8; TR21-
15,16, K89-046-2-1,
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Table VII

Soft agar assay of NIH3T3 cells transfected with DNA
from DEN-exposed medaka (TR21)

Cell Source Relative Growth1
NIH3T3 0
mos-transformed cells ++++
TR21-2 0
TR21-6-1-1

TR21-8-1-1 1/2+
TR21-8-2-1 0
TR21-9-2 1/2+
TR21-10-1 0
TR21-10-2 0
TR21-11 0
TR21-14-3 0
TR21-15-1 0
TR21-16 0
TR21-17-1 0

lgrowth of colonies is measured relative to positive
control cells (mos-transformed NIH3T3 cells); ++++,
growth similar to positive controls; 0, no growth
observed.

Sample identification is as follows:

TR21-2, calf thymus DNA; TR21-6, L88-308-2-3; TR21-8,
L88-308-4-2; TR21-9,10, L88-308-4-2; TR21-11,
L88-308-4-8; TR21-14, 188-308-4-8; TR21-15,16, K89-046-
2-1; TR21-17, K89-046-3-6.
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TABLE VIII

Identification of tumors in livers of
MAMAc-exposed fish used in transfection

Fish Histopathology

1-1-1 ND
1-1-6 hepatocellular vaculation
1-1-11 ND
1-1-18 ND

MAMAc -exposed medaka

AA-91-351-5-18 spindle cell proliferation
cyst degeneration
hepatocellular vaculation, mild
one vaculated hepatocyte locus

AA-91-351-4-18 hepatocellular vaculation
moderately severe bile duct
hyperplasia

AA-91-351-5-19 cholangiocarcinoma

AA-91-351-4- 4 mixed hepato-cholangiocarcinoma

AA-91-351-4-17 cholangiocarcinoma

AA-91-351-4-21 hepatocellular vaculation, moderate
bile duct hyperplasia

AA-91-351-5- 1 ND
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TABLE IX

Transfection analysis of liver DNA from
MAMAc-exposed medaka (TR23)

DNA Source Standard Focus Assay Colony Selection Assay
(# foci / ug DNA) (QBSF + 0.1% serum)

Calf thymus 0 +
AA-91-351-1-1 0 -
AA-91-351-1-6 0.07 -
AA-91-351-5-18 0.14 +
AA-91-351-1-11 0 ++
AA-91-351-4-18 0 0
AA-91-351-5-19 26.9 ++++
AA-91-351-1-18 0 0
AA-91-351-4-4 2.0 ++
AA-91-351-4-17 0 0
AA-91-351-4-21 0 -
AA-91-351-5-1 0 -

1 Growth relative to mos-transformed NIH3T3 cells
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Table X
Transfection Efficiency of DNA from MAMAc

exposed Fish (TR24)

................................................................

Plate Number DNA Source Average # of
Colonies/plate
1 Calf thymus1 0
2-3 Calf thymus 19
4-5 Calf thymus 26
6-9 AA-92-85-1-4 8
10-12 AA-92-85-1-17 11
13-16 AA-92-85-4-3 3
17-20 AA-92-85-4-6 3
21-24 AA-92-85-5-3 12
25-28 AA-92-85-5-4 4
29-30 AA-92-85-5-7 5
31-32 L-88-308-4-42 10
1

No pSVyneo was added to this negative control
plate.

DEN-induced hepatocellular carcinoma.
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Table XI

Results of Primary Transfection Analysis of DNA from
MAMAc -exposed Medaka (TR24)

................................................................

Plate# SFA SFA/DEX
#Foci/plate #Foci/plate

TR24-2 0 0
TR24-3 0 0
TR24-6 8 2
TR24-7 2 0
TR24-8 5 0
TR24-9 0 0
TR24-10 0 3
TR24-11 19 0
TR24-12 0

TR24-13/14 0 0
TR24-15/16 0 0
TR24-17/18 - 0
TR24-19/20 3 0
TR24-21 7 1
TR24-22 1 10
TR24-23/24 0 1
TR24-25/26 0 -
TR24-27/28 1 25
TR24-29/30 0 0
TR24-31/32 10 1

................................................................
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Figure 1. Restriction digest of C€-7 DNA. This figure shows the
restriction analysis of the C-7 clone. C-7 phage DNA (10 ug) was
digested with various restriction endonucleases and characterized
on a 1% agarose, 1X Tris-Borate-EDTA gel. Lane 1 (Lambda-HindIII),
lane 2 (Apa I), lane 3 (Bam Hl), lane 4 (Eco Rl1l), lane 5 (Kpn I),
lane 6 (Sac I), lane 7 (Xba I), lane 8 (Xho I) and lane 9 (Lambda-

HindIII).

Lane 1l 2 3 4 5
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Figure 2. Hybridization of restriction digest products of C-7 DNA

to pSV,neo and EMBL 4. C-7 phage DNA (10ug) was digested with
various restriction endonucleases and the products separated by

agarose gel electrophoresis (see Figure 1). The DNA was
transferred to nitrocellulose by Southern blotting and probed using
’p-labelled pSV,heo (Figure 2A) or EMBL 4 (Figure 2B). Lane 1

(Lambda-HindIII), lane 2 (Apa I), lane 3 (Bam Hl1l), lane 4 (Eco R1l),
lane 5 (Kpn I), lane 6 (Sac I), lane 7 (Xba I), lane 8 (Xho I) and

lane 9 (Lambda-HindIII).

2A
Lane 1 2 3 4 5 6 7 8 9

28




Figure 3. Southern blot of DNA from NIH3T3 cells transfected with DNA
isolated from MAMAc-exposed medaka. Transfected cell DNA was digested
with PstI, size fractionated on a 20x20cm 0.8% agarose gel and transferred
to nitrocellulose. Duplicate ses%ions were hybridized at low stringency
(37°C, 35% formamide) to either °“-P labeled p53 (lanes 15-20), c-myc
(lanes 9-14) or K-ras (lanes 2-7) probes. Lanes 2 and 20 show non-
specific binding to the lambda marker DNA. Lanes 3,9,15 - NIH3T3 DNA;
lanes 4,10,16 - _TR23-9-1 DNA (spindle cell proliferation,hepatocellular
vaculation); lanes 5,11,17 - TR23-14-1 DNA (cholangiocarcinoma); lanes
6,12,18 - TR23-16-1 DNA (mixed hepato-cholangiocarcinoma); lanes 7,13,19 -
normal medaka liver DNA.

Lane 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
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