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ABSTRACF

The expressionofendogenousretroviral sequencesand ofthree cellular
oncogeneswas examined in three hepatocellular adenomas and in four
carcinomas induced in male C57BL/6JDp x C3HI/Dp F1 (hereafter
called 86C3F1) mice by a single dose of nitrosodiethylamine, in five
carcinomas that arose spontaneously in male C3Hf mice, and in the livers
of normal age-matched control mice. In all of these adenomas and
carcinomas,there was increasedexpressionof Moloneymurine leukemia
virus- and intracisternal A particle-related sequences. The retrovirus-like
VL3O sequence was expressed at significant levels in the normal liver of
these mice and increased expression of this sequence was found in only
4of the12tumorsexamined.Expressionof endogenousmousemammary
tumor virus-related sequences was not detected in the normal livers or in

any of the liver tumors. With respect to cellular oncogenes, increased
expression of c-myc was seen in all of the B6C3F, tumors. Two of five
normal liver samples and all of the tumors of the @3Hfmice displayed
significant expression of c-myc. There was a slight increase in expression
of c-Ha-ras in some of the tumors. Increased expression of c-los was
found in only 1 of the 12 tumors. Taken together, these studies indicate
that both carcinogen-induced and spontaneous liver tumor formation in
mice is associated with abnormalities in the expression of endogenous
retrovirus-related DNA sequences and also specific cellular oncogenes.

INTRODUCTION

Endogenous retrovirus-like DNA sequences are present in
the mouse genome as well as in other mammalian species (1),
including humans (2, 3). These proviruses belong to a variety
of families or subtypes with little or no sequence homology
among them. Normal expression of these sequences is usually
confined to the embryonic stage of development (4) or to
specific tissues, particularly the placenta and the epididymus
(5, 6). Endogenous retroviruses can play an important role in
the process of carcinogenesis. In fact, in particular murine
strains, endogenous C-type retroviruses are etiological factors
in spontaneous T-cell lymphomas (7). Similarly, endogenous
MMTV3 are implicated in mammary tumor development (8).
Increased expression of endogenous lAP, MMTV, C-type, and
VL3O retroviral sequences has been observed in a variety of
transformed cell lines and in various types of rodent tumors
(9â€”16).Furthermore, there are several examples in which lAP
and C-type sequences have produced insertion mutations, thus
inactivating or activating cellular genes by integration at partic
ular DNA sites (17â€”20).

Altered or aberrant gene expression is a common feature of
cancer. Rat liver tumors have been studied in detail and they
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show altered isozyme composition, fetal and ectopic gene
expression, and increased expression of particular oncogenes
(21, 22). The significance ofthese alterations in gene expression
with respect to the process of neoplastic transformation is not
yet known. The altered expression of cellular oncogenes in
tumors is being studied in detail since oncogene activation may
play an important role in carcinogenesis (23). At the same time,
we think that it is important to study altered expression of
endogenous retrovirus sequences during the process of chemical
carcinogenesis since the phenomenon may provide clues to
alterations in the control of gene expression during tumorigen
esis. In addition, since retroviruses can act as insertion muta
gens, their expression may play a role in the genetic instability
oftumor cells, thus leading to the evolution ofcancer cells with
a more malignant phenotype. Hence, we have designed experi
ments to study the expression of both cellular oncogenes and
endogenous retroviruses during the course of development of
carcinogen-induced and spontaneously arising tumors.

Murine liver tumors constitute a good experimental model
for such studies since the tumors are characterized by a pro
gression from small histochemically altered nodules to adeno
mas and carcinomas (24). They are easily induced by chemical
carcinogens and spontaneously arise in susceptible mice strains
and hybrids, among which are C3Hf and C57BL/6JDp x
C3Hf/Dp F1 (hereafter called B6C3F,) mice that we have used
in the present study.

MATERIALS AND METhODS

Animals and Tissue Samples. Male B6C3F1 and C3Hf/Dp mice, bred
in the laboratories of the Istituto Nazionale Tumori, Milan, were used.
They were fed a standard pelleted diet (Piccioni, Brescia, Italy) and
water ad libitum. Hepatocellular tumors were induced in B6C3F1mice
by a single NDEA (Sigma Chemical Co., St. Louis, MO) treatment (15
mg/kg body weight, in 0.9% NaCI solution, by gavage) at the age of 7
days. Liver tumors and control livers were excised about 40 weeks later,
frozen in liquid nitrogen, and then stored at â€”lOT.From each tumor
and liver sample a representative specimen was processed by standard
histological methods. When small tumors (3â€”5mm in diameter) were
pooled together, several discrete nodules of the same size, derived from
the same liver, were taken for histological analysis. Spontaneously
arising liver tumors and control livers were also obtained from the
C3Hf mice at about 80 weeks of age. Additional details are given in
Table 1.

RNA Preparation. Frozen liver samples were sent in dry ice to the
laboratories of Columbia University, New York, and upon arrival they
were stored at â€”70T.The frozen liver samples were then quickly
pulverized using a mortar filled with liquid nitrogen. The resulting
powders were homogenized in guanidine monothiocyanate by a Poly
tron homogenizer (Brinkmann Instruments, Westbury, NY). Total
RNA was prepared according to the method of Karin et a!. (25). The
poly(A)-containingRNA fraction was isolated by passage of this RNA
twice through oligodeoxythymidylatecellulose columns (Collaborative
Research, Waltham, MA) (26).

Hybridization Probes. The following DNA inserts and recombinant
plasmids were used: M-MuLV, 8.2-kilobase HindIII fragment excised
from plasmid p8.2 (27); lAP, 5.1-kilobase &oRI-HindlII fragment
excised from plasmid pMIAl, containing internal lAP sequences (28);
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a Animal number.

b For each mouse 2â€”11 nodules (3â€”10 mm in diameter) were pooled.

VL3O,pVL47 plasmid containing a 4.7-kilobaseXhoI fragment includ kb I 2 3 4 5 6 7 8 9 0 II kb 2 â€˜34 5 6 Il 89ing

the whole VL3O sequence(29); MMTV, l.45-kilobase PstI fragment
excised from plasmid p201, containing the long terminal repeat region
(30) (ATCC, Rockville, MD). Ha-ras, BS-9 plasmid containing a 460-
base pair EcoRI Ha-ras-specific insert (31); c-myc, 5.8-kilobase BamHI6.0â€”

.u.uuu@,,sl MOUULV60â€”insert,

including the second and third exon of the mouse c-myc, sub
cloned in pBR322 from an original genomic clone identical to the oneI

2 3 4 5 6 7 5 9 0 II
2 3@ a i@ 7 89isolated

by Dunnick et a!. (32). v-fos, 1.0-kilobase PstI los-specific
fragment excised from plasmid pfos-l (33). Purified fragments and
plasmids were 32P-labeled by nick translation (34).

Northern Blot Hybridization. Samples of liver poly(A)-containingpet,.

â€¢â€˜
a.

60â€”@@@ SAP
soRNA

(3â€”4gig) were analyzed by electrophoresis on 1% agarose gels2 3 4 5@@ â€¢@@ 2 13@ 5@@ @containing

6% formaldehyde. RNAs were transferred onto nitrocellu

labeled probes (35). After hybridization to one probe and autoradiog
lose filters. The filters were then baked and hybridized with the 32P-

raphy, some filters were rehybridized with a second probe. A poly(A)
@â€˜@!?@ 7VL3O â€¢@. VL3O

@ â€¢adeficient

RNA sample was included in each gel to provide molecular
size markers (28S and 18S rRNAs taken to be 5.0 and 1.95 kilobases
long, respectively). In order to visualize the markers and the amount ofFig.

1. Analysis of M-MLV, lAP, and VL3O transcripts in hepatocellular
tumors and normal livers.Lanes 1-9, B6C3F, mice;Lanes 1-2, controls Lanes
36, NDEA-indu@ adenomas;Lanes7-9, NDEA-inducedcarcinomasLanesRNA

transferred, the nitrocellulose filters were stained with methylene10â€”19, C3Hf mice;Lanes10, 12-15,controls;Lanes11, 16-19,spontaneousblue.
In the data presented the methylene blue staining indicated thatcarcinomas. For additional details see â€œMaterialsand Methods.â€•kb,kilobases.all

lanes of the filters contained approximately equivalent amountsofRNA.
The relative abundance of specific transcripts in the differentall of the tumor samples and in all cases the mostabundantlanes

was assayed by densitometric analysis of the autoradiographs.species was about 6.0 kilobases long (Fig. 1). The expression of
this transcript was increased 3â€”9-fold in the B6C3F1 andC3HfRESULTStumors,

compared to the respective normal liver controls. In
addition, the level of an 8.2-kilobase RNA transcript was in

Histopathology of Liver Samples@@eased in some of the carcinomas obtained from B6C3F1 mice
(animal 8) and C3Hf mice (animals 11, 16, and 19).MinorThe

histopathological classification of the tumor samplesRNA species greater than 10 kilobases long and a speciesaboutused
and the age and treatment of the animals are reported in5.0 kilobases long were also observed in both normal liversandTable

1. Hepatocellular adenomas appeared at gross examina liver tumors, with a tendency for increased expression ofthesetion
of the livers as solid nodules of 3â€”10-mmbasophilic cellsspecies in thetumors.or

by large clear cells mixed, or not, with cells showing lipid
accumulation. Mitotic figures and areas of cell atypia were
present in some but not all adenomas. Hepatocellular carcino
mas appeared as solid nodules 15â€”20mm in diameter and
microscopically showed irregular trabecular structures and fre
quent mitotic figures. These histological features have been
described in detail elsewhere (36).VL3O.

A transcript about 5.5 kilobases long, homologous to
the VL3O probe, was observed in all ofthe normal liver samples
and in all of the hepatocellular adenomas and carcinomas of
both B6C3F1 and C3Hf mice (Fig. 1). This transcript was
particularly abundant in the adenomas of animals 3 and 4,
where its expression increased 4â€”5-fold,whereas in the other
B6C3F1 tumors it was present at about the same abundance as
in the control livers. In two C3Hf carcinomas (animals 16andExpression

of Endogenous Retroviral Sequences1 7) the 5.5-kilobase transcript was present at about a2-foldM-MuLV.

RNA transcripts homologous to M-MuLV were
barely detected in the normal livers of both B6C3F1 and C3Hf
mice, but these transcripts were present in significant amountsexcess

with respect to the control samples. In addition, a
transcript of about 9.2 kilobases long was present in a sponta
neous C3Hf mouse liver carcinoma (animal 18) and a faint
band 7.4 kilobases long was observed in another C3Hf carci

in all of the liver tumors (Fig. 1). In B6C3F, hepatocellularnoma (animal16).adenomas
and carcinomas the most prominent transcript wasMMTV. We did not detect MMTV RNA species innormalabout

6.0 kilobases long. An 8.4-kilobase transcript was presentliver or liver tumor samples, although the probe we used hy
at low abundance in some but not all tumors. In C3Hf sponta bridized to chromosomal DNA ofboth B6C3F1 and C3Hfmiceneous

liver tumors both the 8.4-kilobase and the 6.0-kilobaseand was able to detect high levels of MMTV transcripts intwotranscripts
were observed at 4â€”10-fold excess with respect tospontaneous Rill mouse mammary tumors (data notshown).the

control livers. Minor RNA species of about 8.0 and 3.0
kilobases were also detected at a slightly higher abundance inExpression

of CellularOncogenestumors

than in normal livers.myc. The two normal B6C3F1 liver RNA samplesdisplayedlAP.
Significant levels of lAP-related RNAs were detected innegligible expression of c-myc transcripts but all of the seven
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B6C3F1 tumors displayed appreciable levels of a 2.5-kilobase
c-myc transcript (Fig. 2). Two adenomas (animals 5 and 6) and
one carcinoma (animal 8) showed very high levels of this
transcript. Curiously, 2 of the 5 normal C3Hf liver RNA
samples also had a prominent 2.5-kilobase c-myc transcript.
All of the C3Hf tumors displayed this transcript, but because
of the variation in the expression in the normal C3Hf livers it
is not clear that the level of expression was increased in the
C3Hf tumors.

Ha-ras-related transcripts l.4-kilobases long were observed
in all of the normal livers and liver tumor samples of both
B6C3F1 and C3Hf mice. A slight increase (about 1.5â€”2fold)
was seen in some B6C3F1 tumors (animals 5â€”8).A 2â€”3-fold
increase in the amount of this RNA was seen in C3Hf carci
nomas 18 and 19, when compared to the normal controls
(animals 12â€”15)(Fig. 2).

los. Small amounts of a 2.2-kilobase c-los transcript were
observed in the RNA samples from normal liver and from liver
tumors of B6C3F1 mice (Fig. 2). An exception was the carci
noma of animal 8, where a very high level of the 2.2-kilobase
c-los transcript was observed,together with a lessabundant 3.5-
kilobase transcript (Fig. 2). Small amounts of a 2.2-kilobase c
los transcript were seen in all of the C3Hf normal liver and
liver carcinoma samples, with no evidence of an increase in
amount in any of the carcinomas.

DISCUSSION

The present studies demonstrate a marked increase in expres
sion of endogenous retroviral sequences related to M-MuLV
and to lAP, but no significant increase in the expression of
endogenous VL3O and MMTV sequences, in all seven NDEA
induced and in all five spontaneous murine hepatocellular ad
enomas and carcinomas investigated, when compared to control
normal livers. These results indicate that in mouse liver tumors
there is aberrant constitutive expression of specific families of
endogenous retrovirus sequences.

No consistent difference was found between adenomas and
carcinomas in the pattern of expression of these sequences,
indicating that the changes we observed apparently occur early
during the process of tumorigenesis and do not necessarily
increase during the progression from adenomas to carcinomas.
However, it must be pointed out that careful histological anal
ysis revealed that some of the adenomas contained clusters of
cells with features seen in carcinomas, i.e., mitotic figures and
cellular atypia. In addition, there is still some debate on the
precise classification of mouse liver tumors, in particular on the
question of the malignancy of basophilic nodules (37).

In the NDEA-induced tumors obtained in B6C3F1 mice the
most prominent M-MuLV-related transcript was 6.0 kilobases

long, whereas in the C3Hf spontaneous carcinomas the M
MuLV-related RNAs displayed two prominent bands with
lengths of 6.0 and 8.4 kilobases, respectively (Fig. 1). We have
not studied whether the 6.0-kilobase transcript represents a
spliced product ofthe 8.4-kilobase material (the expected length
of a complete transcript of M-MuLV) or if it constitutes a full
length transcript of a distinct endogenous sequence that is only
6.0 kilobases long. M-MuLV-related transcripts 6 and 8 kilo
bases long have been observed in transformed cells in culture,
in mouse T-cell leukemias, and in primary mouse skin carci
nomas (13, 14, 38).

Previous reports suggest that different families of lAP se
quences are transcribed in different types of murine tumors.
Transcripts 7 kilobases long are observed in a neuroblastoma
whereas in plasmacytomas transcripts 3.8 kilobases long are
often seen (15, 16). We consistently observed a prominent 6.0-
kilobase lAP transcript in all of the murine hepatocellular
tumors, suggesting preferential expression of a specific subset
ofendogenous lAP sequences in these liver tumors. In addition,
lAP-related RNA species 8.2 kilobases long were observed in
some of the liver tumors, and a heterogeneous group of lAP
related RNAs longer than 10 kiobases were also observed, at a
low abundance, in some ofthese tumors(Fig. 1). Further studies
are required to determine whether these longer size classes
represent different subtypes of endogenous lAP genomes or
transcripts that might initiate within lAP sequences and extend
into flanking cellular DNA sequences.

All of the tumor samples contained a prominent 5.5-kilobase
transcript homologous to the VL3O probe. However, approxi
mately similar amounts of this transcript were seen in the
normal liver samples (Fig. 1). In addition, YL3O-related tran
scripts 7.4 and 9.2 kilobases long, respectively, were observed
in two spontaneous C3Hf carcinomas. To our knowledge,
VL3O-related genomic sequences of these sizes have not been
previously reported. It will be of interest to determine whether
they represent hybrid transcripts between VL3O and flanking
cellular genes.

We have not investigated whether or not some of these
tumors produce virus particles. This may be the case since the
presence of C-type and lAP-type virus particles has been re
ported in a liver tumor that arose spontaneously in a wild
mouse (39). C-type virus particles have also been observed in
cell cultures derived from carcinogen-induced rat liver tumors
(40).

Of the three oncogenes studied (c-myc, c-Ha-ras, and c-los),
c-myc was consistently expressed at higher levels in NDEA
induced tumors (both adenomas and carcinomas) than in the
control normal B6C3F1 livers. The C3Hf spontaneous hepato
cellular carcinomas also showed high levels ofc-myc transcripts,
but two of five C3Hfcontrol livers showed c-myc levels similar
to those observed in the tumors. The histopathological analysis
of these control livers showed nothing remarkable. A few in
flammatory infiltrates were observed in the liver of animal 14
that had increased c-myc expression, but this was also observed
in the liver of mouse 13 which had low levels of c-myc tran
scripts. We observed appreciable levels of c-Ha-ms transcripts
in the normal control livers of both B6C3F1 and C3Hf mice
and also in all of the adenomas and carcinomas (Fig. 2).
Densitometric analysis indicated a 2â€”3-fold increase in only 2
of the 12 tumors examined, when compared to the control
normal livers.

Low levels of c-fos transcripts were detected in the normal
B6C3F1 and C3Hfliver RNA samples and in all but one tumor

Fig. 2. Analysis of the myc, rtu, andfos transcripts in hepatocellular tumors
and normal livers. Lanes represent the same samples deathbed in Fig. I. For
additional details see Materials and Methods.â€•kb, kilobases.
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sample. Carcinoma 8 revealed a striking increase in the level of
these transcripts (Fig. 2).

Previous studies on rat liver tumors induced by chemical
carcinogens have also revealed a considerable increase in
expression of c-myc and a modest increase in expression of c
Ha-ras in some of the tumors (22, 41). An increase in the levels
of c-Ha-ras and c-myc transcripts during rat liver regeneration
has also been reported (42). This and other findings (2) show
an association between increased expression of c-myc and c
Ha-ras and growth stimulation, although a causal relationship
between the two phenomena has not been established.

Thus, the present studies indicate that carcinogen-induced
and spontaneous mouse liver tumors can display significant
increases in the expression of at least two endogenous retrovi
rus-related DNA sequences, M-MuLV- and lAP-like sequences,
as well as increases in the expression of three oncogenes, c
myc,c-Ha-ras,and c-los.It is important to stressthat there is
considerable variability between the individual tumors in terms
of these changes and that each parameter appears to be capable
of changing independently of the others. This intertumor het
erogeneity is reminiscent of other types of biological and bio
chemical heterogeneities seen in various types of rodent and
human tumors (43), including the activation of cellular onco
genes (23, 44).

Both of the strains of mice examined in the present study
have a significant spontaneous incidence of liver tumors, al
though this incidence is higher in the C3Hf strain than in the
B6C3F1 hybrid. As mentioned above, we found appreciable
amounts of VL3O and, to a lesser extent, lAP transcripts in the
normal livers of both of these strains of mice. It is noteworthy
that VL3O transcripts were barely detectable in nontransformed
cultured murine fibroblasts (29) and LAP transcripts were not
detected in primary cultures of normal kidney, liver, and spleen
of BALB/c mice (45). Further studies are required to determine
whether the expression of these retroviral sequences also occurs
in the normal livers of murine strains that have a very low
incidence of spontaneous hepatocellular tumors, for example
the C57BL/6J strain.

Our results and previous studies (7, 12â€”16)provide evidence
for the deregulation of particular families of endogenous retro
viral sequences in a variety of tumors and transformed cells.
Possible mechanisms responsible for this phenomenon include
alterations in the state of DNA methylation in tumor cells or
aberrations in the expression of tissue-specific trans acting
factors that control the transcription of specific enhancer or
promoter sequences. Thus, further studies on this phenomenon
may lead to insights into the more widespread aberrations in
gene expression often seen in tumors. As discussed elsewhere
(46) it is also possible that the expression of these retrovirus
like sequences in tumors could lead, via reverse transcription,
to gene transposition and insertion mutations and thus contrib
ute to the process of tumor progression.

ACKNOWLEDGMENTS

We are grateful to Dr. M. J. Getz, Dr. S. P. Goff, Dr. E. L. Kuff,
Dr. E. M. Scolnick, and Dr. I. M. Verma for the gift of pVL47, p8.2,
pMIAl, BS-9, and pfos-I plasmids, respectively.

REFERENCES

I. Coffin, J. In: R. Weiss, N. Teich, H. Varmus, and J. Coffin (eds.), RNA
Tumor Viruses, pp. 1109â€”1203. Cold Spring Harbor, NY: Cold Spring
Harbor Laboratory, 1982.

2. Callahan, R., Chiu, I.-M., Wong, J. F. H., Tronick, S. R., Roe, B. A.,

1918

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2425719/cr0464p21915.pdf by guest on 19 M

ay 2023



RETROVIRAL SEQUENCES AND ONCOGENES IN LIVER TUMORS

genetic sequences of Harvey murine sarcoma virus. J. Virol., 36: 408â€”420,
1980.

32. Dunnick, W., Shell, B. E., and Dery, C. DNA sequences near the site of
reciprocal recombination between a c-myc oncogene and an immunoglobulin
switch region. Proc. NatI. Acad. Sci. USA, 80: 7269â€”7273,1983.

33. Curran. T., Peters, G., Van Deveren, C., Teich, N. M., and Verma, I. M.
FBi murine osteosarcoma virus: identification and molecular cloning of
biologically active proviral DNA. J. Virol., 44: 674â€”682,1982.

34. Rigby, P. W. J., Dieckmann, R., Rhodes, C., and Berg, P. Labeling of
deoxyribonucleic acid to high specific activity in vitro by nick translation
with DNA polymerase I. J. Mol. Biol., 13: 237â€”251,1978.

35. WahI, G. M., Stern, M., and Stark, G. R. Efficient transfer of large DNA
fragments from agarose gels to diazobenzyloxymethyl-paper and rapid hy
bridization by using dextran sulfate. Proc. Natl. Acad. Sci. USA, 76: 3683â€”
3687,1979.

36. Turusov, V. S., and Takayama, S. Tumors of the liver. In: Pathology of
Tumours in Laboratory Animals, Vol. 2, pp. 193â€”233.IARC Scientific
Publications No. 23. Lyon, France, International Agency for Research on
Cancer,1979.

37. Goldfarb, S., Pugh, T. D., Kosciuk, S., and Chover, J. Correspondence re:
Vesselinovitch, S. D., and Mihailovich, N. Kinetics of diethylnitrosamine
hepatocarcinogenesis in the infant mouse. Cancer Res., 43: 4253â€”4259,1983.
Reply Vesselinovitch, S.D., Mihailovich, N. Cancer Res., 45: 909â€”912,1985.

38. Boccara, M., Souyri, M., Magarian, C., Stavnezer, E., and Fleissner, E.
Evidence for a new form of retroviral env transcript in leukemic and normal

mouse lymphoid cells. J. Virol., 48: 102â€”109,1983.
39. Rongey, R. W., Abtin, A. H., Estes, J. D., and Gardner, M. B. Mammary

tumor virus particles in the submaxillary gland, seminal vesicle and nonmam
mary tumors ofwild mice. J. NatI. Cancer Inst., 54: 1149â€”1156,1975.

40. Orenstein, J. M., and Weinstein, I. B. Filamentous forms of type C particles
in cell cultures from chemically induced rat hepatomas. Cancer Res., 33:
1998â€”2004,1973.

41. Makino, R., Hayashi, K., Sato, S., and Sugimura, T. Expression of the c
Ha-rat and c-myc genesin rat liver tumors. Biochem. Biophys. Res. Com
mun., 119: 1096â€”1102,1984.

42. Goyette, M., Petropoulos, C. J., Shank, P. R., and Fausto, N. Expression of
a cellular oncogene duringliver regeneration. Science (Wash. DC), 219: 520â€”
512,1983.

43. Heppner, G. H., and Miller, B. E. Tumor heterogeneity: biological implica
tions and therapeutic consequences. Cancer Metastasis Rev., 2: 5â€”23,1983.

44. Albino, A. P., Le Strange, R., Oliff, A. I., Furth, M.E., and Old, L J.
Transforming ras genes from human melanoma: a manifestation of tumour
heterogeneity? Nature (Lond.), 308: 69â€”72,1984.

45. Wujcik, K. M., Morgan, R. A., and Huang, R. C. C. Transcription of
intracisternal A-particle genes in mouse myeloma and Ltk cells. J. Virol.,
52: 29â€”36,1984.

46. Weinstein, I. B., Gattoni-Celli, S., Kirschmeier, P., Lambert, M., Hsiao, W.,
Backer, J., and Jeffrey, A. Multistage carcinogenesis involves multiple genes
and multiple mechanisms. In.@A. Levine, G. Vande Woude, J. D. Watson,
and W. C. Topp (eds.), pp. 229â€”237.New York: Cold Spring Harbor
Laboratory, 1984.

1919

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2425719/cr0464p21915.pdf by guest on 19 M

ay 2023




