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ABSTRACT
The affect of bromodeoxyuridire ({BrdUrd) incorporation
into cellular DNA on the induction of endogerious
ratroviruses was 2xamined in vivo. Young BALB/c mice were
*reated with carbon tetrachloride (CCl4) +to induce 1liver
rageneration, and subsequently received Brdord during the

pariod of maximal DNA synthesis, In nucleic acid

hybridization studies, the maximum levels of hybridization

of both N- and X-tropic retrovirus-specific [3H]-cDNAs were
obtainad with liver RNA from animals receiving BrdUrd at 40
and 44h post-CClH# *treatment, and killed orn the fourth day
following BrdlUrd injection, Media from NIH-3T3 {Swiss
mouss) and mink cell cultures, infected with liver
homogenates from animals treated as above gave significant
levels of reverse transcriptase activity, The observations

made in the pr

{T

s2nt study show that BrdOrd incorporation
into hepatocyt2 DNA can <caus2 induction of both N- and
X-tropic erdog=snous retroviruses in BALB/c mice in vivo, and

such induction is probably a transient event.



RESUHME

les effets, sur l'induction de rétrovirus endog®nes, de
l1t'incorporatiosn de bromodZsoxyuridine (BrdUrd) dans les
hépatocytes du foie en r&génération a la suite d'un
traitement au ta&trachlorur=e Jde carbone ({CCl4) ont ete
e+tudiés chez d2s souris BALB/c. D'apr®s les @&ctudes
A'hybridation d=s acides nucléiques, les niveaux
Athybridation maximums ont &+& ohtenus pour les ADNc tritiés
spécifiquas des rétrovirus endog2nes BALB/c A tropisme N et
¥ avac 1'ARN hépatique d'animaux ayant regu de la BrdUrd 40
2+ 44 h aprds le traitement au CCl4 et sacrifigs 1le
gquatri®me jour aprds 1ltinjection de BrdUrd. Dans les
milisux de culturas de cellulss NIH-3T3 (souris Swiss) et de
caellules de vison, infect8s avec des homogénats de foie
A'animaux traités comme ci-dessus, on a observé des niveaux
gsignificatifs dtactivité transcriptase inverse, Les
obsarva*ions effectu@as an cours de la présente etude
mon*trent que l'incorporation de BrdiUrd & 1'ADN celiulaire
peut entrafrer 1'induction de ré&trovirus endog®nes 2
tropisme ¥ et X dans les hé&patocytes de souris BALB/c in

vivo, e* gue «cestte induction est probablement un phé&rnomrne
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INTRODUCTION

Induction or activation of endogenous
retroviruses involvas the full 2xpression of the virus

genome leading to virus production and the release of

'.J.

nfective particles from the host cell. Uninfected
cells of BALB/c mice (a low leukemic, inbred strain)
contain at least three separats host-range classes of
ratrovirus genomes integrated into their DNA.
B-tropic viruses grow preferentially in BALB/c mnouse
cells, N-tropic viruses grow preferentially in ©NIH
{Swiss mouse) c=2lls, and X-tropic viruses grow in
heterologous cells (i.2. nmink, rat, human, etc,).
BALB/c cells 1in culture trelease all three of +hese
viruses either spontaneously or after treatment with
inducing agents, Inhibitors of protein synthesis
(e.g. cycloheximid=) specifically activate the
X-tropic virus (Aaronson and Dunn, 1974); halogenated
pvrimidines (bromod=oxyuridine and iododeoxyuridine)
indnce both N- and X-tropic viruses (Aaronson et al.,,
1871y, and aged and nsoplastic cells spontansously
liberate B-tropic virus {(Hirsch and Black, 1974),

In vivo, spontansous ralease of endogenous
viruses is rarely datected in BALB/c mice of less than
6 months of age (Peters 2=t al,, 1972). Activation of
endogenous N- and X-tropic viruses in young BALB/c
mice following skin grafting and immuno-suppression

{(Hirsch =2t al,, 1975), and of N- and B-tropic viruses
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during chemically induced tumour development
(Armstrong et al.,, 1978) has been reported. However,
induction of endogenous ra2troviruses by halogenated
pyrimidines in vivo has not Dbesn a+ttampted to date.
Recombination of endngenous N- and X-*tropic viruses
has been found to +*ake place in <the formation of
naturally-occurring leukemogenic virus in AKR mice
{Hartley et al,, 1977). Such recombinant viruses can
ha formed only wh2n both parental viruses are produced
simultaneously. It 1is +therefore of 1interest to
determine whether Brdurd incorpora*ion in*o DNA of
calls in vivo causaes bo*h N- and X-tropic irus
induction,

In the present study the affects of
bromodeoxyuridine (Brdurd) incorpora*ion in
hepatocytes ©0f «carbon tetrachkloride (CCl4) induced
ragenerating liver of BALB/c mice on the expression of
2ndogenous retroviruses Was examined, The
observations pres=2nt=d here show +that both N- and
X-tropic virusas can bhas activated in young BALB/c mice

by treatment with Brdurcd,



LITERATURE REVIEW

The involvemant of viruses 1in the development of
neoplasia was first d2monstrated in chickens by the
rransmission of leukemia by cell~-fres filtrates of
lsukeric cells (Ellerman and Bang, 1908), and the
induc*ion of so0lid tumours by extracts isolated fron
sarcomas (Rous, 1911). The first evidence of such
viruses in mice was obtained by Bittner (1936) who
found that a factor which i1s transmitted in the
mother's milk causes mammary gland carcinoma 3in the
offspring. Subsequently, the induction of tumours by
cell-free filtrates obtained from chemically induced
+tumours (Zilber, 1246), and transmission of leukemia
by extracts of l=2ukemic cells of spontaneous 2rigin
{Gross, 1951) hava bean demonstrated in inbred mouse
strains. Leukomogenic viruses are also released
during the onset of leukemia in mice exposed to X-rays
{Gross and Feldman, 1968), chemical carcinogens (Igel
2% al,, 1969), and specific immunological reactions
(Hirsch =2t al.,, 1970)., These viruses were later shown
o belong to a class of enveloped RNA viruses now
known as RNA tumour viruses, or retroviruses.

The endog=2nous nature2 of the retrovirus genome
was suggested by immuncslogical s*udiess which indicated
*he presence of viral antigens in uninfected embryonic
tissues of mice (Huebner ’et al., 1970) .

Hybridization of lab2lled virus-specific DNA copies to
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cellular DYNA d=smonstrated +he presence of multiple

Q

opias of sequancas complemen*tary to the viral genome

n hnth normal and transformed cells (Gelb et al.,

[N

1973 . Furthar evidence for *he presence of
2ndogenous viruses was the spontanenus release Of
virus from «cells following repeated in vitro passage
(Aaronson et al., 1969). Subsequently, it was found
+ha+ treatment of cells with certain chemical agents,
halogenated pyrimidines {Lowy et al., 1971),
inhibhitors of protein synthesis (Raronson and Dunn,
197u4) , some mitogans (Greenberger et al., 1975), and
2-deoxy-D-glucos2 {Prochownik et al., 1976), could
greatly increase *he frequency of virus activation,

The +hymidine analogs 1iododeoxyuridine (IdUrd)
and bromodeoxyuridine (BrdUrd) cause virus production
in a wide rang2 of species (Wu, 1977)., Virus
induction by Idurd was firs* AJdesmonstrated in AKR
ambryo cells {Lowy =2t al,, 1971), It has since been
shown that established cell lines ares more readily
induced to releasa virus *han are primary cell
cultures, and rransformad c211 lines are nore
inducible +than nontransformed cells (Rowes et al,,
1971; Todaro, 1972).

Studies on the mechanism by which halogenategd
pyrimidines activat2 endogenous viruses have shown
t+hat the compounds must be incorporated into the DNA
to be =2ffective (Teich e+ al,, 1973). The proportion

of cells producing viruses decreases if DNA synthesis



5
is diminished by addition of cytosine arabinoside or
serum depletion in the cell cul+ture media during
halogenated pyrimidins ftr=atment, Similarly, virus
production is inhibit=4d whean Brddrd ot Idurd
incorporation is blockad by simultaneons treatment
with thymidine, Consistent with *these findings is the
dzmonstration that virus induction increases
sigrificantly when analog incorporation is enhanced by
simultansons treatment with fluorodeoxyuridire (Teich

a2t al,

y 1973) and that a period during S phase is the
critical +ime for analog +treatment {(Baesmer et al.,
1974y ,

Levels of virus induction increase when analog
treared cells are axposed to visible ligh+t, UV, or
¥-rays (Teich e* al,, 1973), Since irradiation causes
breaks at +ha site of analoq substitution this
obhservation may suggest that BrdUrd iIncorporation
causas DNA strand bhreaks leading to provirus excision.
dow=zver, this hypothesis seenms unlikely since
irradiation alone is rarely sufficient to cause virus
induction., At low concentrations, Brdird incorporates
selactively into intermediate repetitive sequences
{Schwartz et al,, 1975). Proviral sequences are
thougkt to be integrated in unique (Varmus et al.,
1973) or intermediate repetitive (Evans e+t al.,, 1974)
regions of the «c¢2llular genone, It is therefore
possible +that +the critical sequences for BrdUrd

incorporation ars proviral, a controlling element of
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ke provirus or a ragulatory gene ({Besmer et al.,
1974y . Biochemical studies have indicated that BrdUrd
ircorporation into DNA cond=znses chromatin, increasing
the affinity of proteins to <chromatin (Lapeyre and
3ekhor, 1974), Sinc2 incorporation into one strand of
DNA is sufficient to produce virus (Besmer 2t al.,
1974) , i+ has been suggested that the mechanism by
which BrdUrd influances DNA-protein interaction is
Aependent on th2 recognition of, or binding %o, both
DY¥A strands (Rutter et al,, 1973).

The level of wviral specific RNA increases in
induced cells suggesting that transcription of viral
sequances occurs at a faster rate *than in uninduced
cells (Besmer =2t al,, 1974y, Id0rd +reatment of
AKR=-2B cells has Dbeen shown to stimulate the overall
transcriptional activity, inducing the transcription
of unique DNA sequsnces +hat are not npormally
axprassed (Chattopadhyay =t al., 1979).

A second group of chemicals which induce
andogenous viruses are inhibitors of protein synthesis
including cyclohaximide, pactamycin and puromycin
(Aarornson and Dunn, 1974; Cabradilla et al., 1976).
These drugs inhibir different steps in protein
synthesis and ar=2 active only at concentrations that
markedly reduce incorporation of amino acids. Neither
the inhibitors of RNA or DNA synthesis induce viruses,
These findings sugges*t that 1t 1is specifically the

disruption of protein synthesis which causes virus
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production rather than a general breakdown of
metabolic processes (Aaronson and Dunn, 1974). The
lavel of virus specific RNA increases in induced
c21ls, and decreasss if the cells are simultaneously
axposed t+to inhibi+nrs of BNA synthesis, This 1is
consistent wi+th 3 mechanism in which virus expression
is regulated by a labile control protein which acts at
the +transcriptional 1leval, and conflicts with the
suggestion that inhibitors of protein synthesis
prevent the synthesis of a regulatory molecule which
acts post-transcriontionally to stabilize virus
specific RNA (Cabradilla =t al,, 1978).

Other in vitro studies have demonstrated that

stimulation of lymphocyte blastogenesis by
histocompatibility-associatead antigens in mnixed

lymphocyte reactions or by certain mitogens (=g,
lipopolysaccharide) will cause virus induction (Hirsch
e+ al., 1972; Greenberger et al,, 1975) . However,
since lymphoblast proliferation alone is not
sufficient for virus activation, it is probably the
s*imulation of certain specific lymphocytic
subpopulations that 1is required for the induction to
~ake place (Hirsch =t al., 1977).

Induction of re<roviruses from culturad rat cells
has also been reported to take place by treatment with
2-deoxy-D-glucoss=, Virus release is transient and
cell sensitivity +o induction was limited to a

relatively short period of in vitro growth (Prochownik



2t al,, 1976).

Certain chemicals are also known *0o enhance or

v

inhibit virus production in vitro. Glucocorticoids

[ =4

(¢rg, dexamathason2, hydrocortisone) enhance virus
ralease 1in cells induced by either halogernated
pyrimidines or pro*=2in synthesis inhibitors and in
cells chronically producing virus {(Paran et al.,, 1973;
Dunr et al ., 1975; Ihle et al., 1975). The hormones
are active at approximately physiological
concentrations and stimula*ion of wvirus synthesis
requires binding of the steroid to a cytoplasmic
receptor pro*ein (Ihle et al., 1975). The hormones
alorne have no inducing ability. The hormone
stimulation of halogenat2d pyrimidine-induced virus
oroduc*ion is not Adue to enhancement of analog

incorporatio since maximum stimulation of virus

3

produc*tion occurs when the cells are treated 24-48h
following Idurd exposure (Paran et al., 1973). The
mechanism of hormone stimulation of virus production
is as ye* unresolved. Pesults of one study indicated
that its action was post-transcriptional as no
increase in virus-specific RNA was d=tected (WHu et
al., 1974). However, in murine mammary carcinona
darived cell lines, dexamethasone erhanced production
of mammary tumour viruses by specifically increasing
the rate of transcription of viral sequences (Ringold

2%t a

1., 1977).

A chemical that inhibits RNA tumour virus
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productiocrn is cordycapin {3'-d=oxyadenosine).
Idurd-inrduced retrovirus release is reduced 1if celils
are exposed *o the inhibitor during a critical period,

12-18k after the alddition of 1IdUrd (Wu et al.,, 1972).

=

Cordycepin ~treatment reduces +the number of cells
producing virus approximately 20 fold (Richardson et
al.,, 1976). Cordyc=apin also dzpresses the stimulation
of virus production by dz2xamethasone in IdUrd induced
c211ls (Parar =t al., 1973). 5Since cordycepin affects
aRNA formation by inhibiting poly-A synthesis it is
probable that i+t blocks virus production directly by
preventing the synthesis of +hes poly-A component of
tha virus genome (Paran 2% al., 1973), or indirectly
by atfecting syntha2sis of specific pro*teins required
for virus expression (Wu et al,.,, 1972).

Interferon also has th

®

3 ability to inhibit
halogenated pyrimidine-inducad virus activatior and
antancemant of virus production by deoxamethasone
treatment (¥u =+ al., 1978).

Some studias have also demonstrated that
ratroviruses can be activated in vivo. Endogenous
virus relsase 1in animals often accompanies chemrical
induction, immunological stimulation, X-ray induction,
and spontaneous davelopment of leukemia,

Irmunological stimuli that activate endogenous
retroviruses includs skin graft rejection and graft
versus host reactions (for review see Hirsch et al.,

1977) ., During virus activation induced by skin



10
*ransplantat*ion, mica are +treated with
immunosuppressivs drugs to prolong graft survival,
Yenotropic and/or =acotropic viruses are first detected
hatween 7 and 14 days after grafting in regional lymph
nodes and splsens., Thereafter, maximum titres are
found in the spleen and are associated ith
splenomegaly and splenic histological changes (Hirsch
at al,, 1575). Vvirus activation takes ©place in
lymphocytes urndergoing blastogenesis,
In the graft-varsus-host reaction, lymphoid cells

from one parental s+<rain ar

]

injected into F1 hybrid
mice., Antigens from the other parent ar2 recognized
as foreign by +he donor lymphocytss and a chronic
rejection reac*tion ensuas, often leading to
dev=2lopment of lymphoid neoplasia {Armstrong et al.,
1970) . Bo*h xenotropic and ecotropic viruses have
heer activated in this reaction, and some of these
viruses have demonstrable oncogenic potential
{Armstrong et al., 1973). The source of activated
virus is the injzctad parental lymphoid c21lls which
undargc blastogen2sis when exposed to the other
par=n*'s antigen 1in *he F1 mice. Virus replication
however also occurs in the proliferating lymphocytes
of the F1 mic2 and most of the tumours <that
subs2quently davelop are of F1 origin (Gleichmann et

11.,1975),

-3

reatmant of BALB/c mice with pristane

(2,6,10,14-+etra-m2thylpentadecans) has been found to
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induce plasmocytomas after a latent period of & months
{Armstrong et al.,, 1978). GEcotropic and xenotropic
virus titres increase daring *the lattaer part of the
+nmor inductionvperiod, in the «c¢21ll populations in
which transformzd4 cells lat=ar appear.

It has bean found +hat the murine endogerous
viruses induced from the same cells are far from a
homogensous population, and are distinguishable by
various cri*teria including host range, inducibility,
immunological reactivity, oncogenicity, and their
Jenomes are independantly reqgulated, For example, in
cells of BALB/c mice, there are at least three
andogenous viruses of separate host range classes.
Tha ecotropic or mouse-tropic viruses include the
B-tropic virus which grows preferentially in BALB/c
ca21lls, and N-tropic viruses which grovw in cells of the
¥IH Swiss mouse {Hartley et al,, 1970), The third
group of viruses which grow in cells of non-mouse
origin are termad ¥-tropic or xenotropic, ¥N- and
B-*ropic virus g=noass3 share 95-99% homology with one
another and a 57-61% homology exists betwesr the
{-tropic and N-tropic virus dgenomes (Callahan et al.,
1974y, In vivo, =axpression of ¥- and X-tropic viral
sequarces is variable in different tissues; increased
lavals of expr2ssion are seen in dividing tissues such

a

14}

ragenerating 1liver, uterus, spleen, and embryo as
compared to nondividing tissues such as kidney and

liver {Mukherje2 and Mobry, 1975; Vincent et al.,
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1976) . Production of viruses also varies with the age
nf *+the mice, Virus release before six months of age
is rare; N-tropic wvirus is present nmostly before
twelve months of ag2 and production of B-tropic virus
takes place from ag2d or neoplastic tissues (Peters et
al.,, 1972). Only thz B-tropic virus has besen shown to
have oncogenic activity (Peters et al.,1973). The
differential responsa of erdogenous viruses to
inducing agen*s has indicated that the viruses are
independently ragulated. Halogenated pyrimidine
tresatmant of BALB/c c¢=2lls in culture ra2sul+*ts in the
release of N- and X-tropic viruses, but no% B-tropic
viruses (Besmer =%t al,, 1974). The release of N- and
Y=-tropic virus=ss is transisnt; maximum levels of virus
production hava b=en reported *o be 3-4 days after
*rea+ment, Inhibitors of protein synthesis activate
only the X-tropic virus, and the induction of virus is
also *ransiant, occarring rapidly and decaying more
quickly than wi<h halogenated pyrimidine treatment
{Cabradilla et al., 19786).

Irn inbred mous=2 strains the spontareous incidence

e

of loukemia varies gr

D

atly, Strains such as AKR and
€58 have a very high leukemia incidence,. In BALB/cC
and €57 mice, leukamias occur at a moderately 1low
frequency while NIH Swiss mice develop lesukemia very
rarely (Huebner =2t al,, 1970). Many hos* genetic

factors havs been dascribszd which affect the incidence

and development of neoplasia. These include loci
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which determine virus inducibility and infectiviiy,
cell susceptibility to transformatiorn, and the immune
rasponse of th2 animal,

Th2 number and chromosomal location of 1loci for
r=troviruses varias from onz strain to another. There
are +wo unlinked strucrural g=ne loci 3in AKR nmice
(Taylor et al.,, 1971), more *than two loci in C58 mice
{Stephenson and Aaronson, 1973) and +wo in BALB/c mice
(Aaronson and Stepheanson, 1973).

The gens

-

nd determines +the inducibility of

N-tropic virus from som2 mouse strains, NIH mice are

{4
ol

nd- and 4o not r=lsas=2 virus, whereas BALB/c mice are

nd+ and are2 1inducible, Since cells from F1 hybrids

it

{NIH ¥ BALB/c) can be induced to produce viruses Ind
iz dominant (Stephenson and Aaronson, 1972). The
mechanism of Ind action has not been determined.

Tke Fv-1 locus {(locatad on chromosome 4) controls
acotropic virus infaction, There are two alleles,
Fv-1¥ and Fy-18B which d2atermine the permissiveness of
ca2lls to N- or B-tropic viruseé respectively (Pincus
at al,, 1971). Rasistance +*o infection 1is dominant
and while the cells from F1 hvbrids (Fv-1NB) restrict
both +*ypes of wvirus, a class of virus designated
NB-tropic is no+% restricted by either allele (Pincus
2t al,, 1971). Most mouse strains have either one or
the other allele, an exception being the feral (wild)
mice which lack +ha Fv-1 gene and +therefore are

sensitive to all three types of virus (Hartley and
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Rowe, 1975). The mechanism of Fy=1 restriction
appsars to b2 intracellular since adsorption and
penetration of virus into restrictive host cells is

not affect2d (Huang ex al., 1973) and cellular
axtracts of calls with Fv-1N or_Fv-1B alleles
specifically and raciprocally inhibit replication of
B= or N-tropic viruses in permissive cells (Tennant et
al., 1974). I+ has been proposed that +he Fy=1
restrictior acts at the provirus intagration step.
Jolicoeur and Baltimore (1976) have demonstrated the
prasence of nonintegrated provirus in nonpermissive
caells and found that both integration of provirus DNA
and +the level of virus-specific RNA was greatly
raduced in resistant cells,

The Fy-2 1locus determines the susceptibili+y of
mice to spleen focus formation induced by a NB-tropic
component of Friendi leukemia virus, the spleen focus
forming virus (SFFV) (Lillv, 1970). Mice which are
homozygous for Fv-2r are resistant to SFFV induced
+ransforma~ion. Susceptibility is determined by the
possession of Fv-2s allele which is dominant,

Another locus <that influences MuLV-induced
leukamia developme2nt is the H-2 (histocompatibility-2)
raegion of chromosam2 17, This region influences the
threshold dose nf MulV which causes lesukemia and the
likelihood of racovary from thes diseas=2 once it occurs

(Lilly and Freedman, 1976). Mouse strains possessing

ths H-2k haplotypae exhibit high incidences of
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lenkemia, induced =2ither spontaneously (AKR, C58), or
afrer inoculation with virus (C3Hf/Bi, C57BR) .

Strains wi*k o=her H-2 haplotypes are generally more

Ao

resistant.

t

The gene Rgv-1 (resistance to Gross virus)
influences the capacity of the host animal to mount an
immune Tresponse 0 virus~specifiesd 1leukemia cell
antigens. This gen2 is associa*ted with the K and/or 1
segmants of the H-2 region. Mouse strains possessing
+he H-2b haplotype are resis*ant to the disease and
they are efficient at mounting an immune response
against the Gross virus (Lilly, 1966).,

The susceptibility to Friend virus-induced
leukenia is also influenced by the H-2 haplotype, The
Rfv-1 gene (resistance to Friend virus) is associated
with the D sagment of *ha H-2 region (Chesebro et al.,
1974y, Mice possessing the genotype H=-2b/b are
resistant and thnse wWith Ag:gd/d or H-2b/d are
susceptible to Friend virus infection. It has been

suggasted that this gene determinas the persistance of

}as

viral antigen expression and hence could influence the

occurrence of clon=as of tumour <c¢ells no longer

]

xpressing certain viral antigens, These cells would

!

therefore escane immunologic attack by the host (Lilly
and Freedman, 1976).

Mos*t endogenous viruses induced in vitro or
spontaneously released in vivo are nonleukemogernic in

+he host strain, However, retroviruses are known to
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nndergo recombination a*t a relatively high frequency
{(Vogt, 1971y, and i+ has baen shown that many
oncogenic viruses are genetic recombinants. The virus
now suspec*ed as Dbeing ~he causative agent for
leukamia in the AKR strain is a recombinant virus
{Hattley % al., 1977). Raferred to as the mink cell
focus~inducing (MCF)} strain, it has the host range of
bothk ecotropic and xenotropic MuLVs and possesses a
recombinant ecotropic/xeanotropic anvelope gene (Elder
at al., 1977) . Similarly SFrV, a
replication-defective <¢ransforming virus has a dual
host range and has been shown to be a recombinant
between a portion of the e&cotropic Friend-MulV and
gen=tic sequences within or closely linked to the env
regisn of a mouss-tropic virus (Troxler et al.,, 1977).
Polytropic recombinant MCF-like viruses have also beer

detacted in leukemic HRS/J (hr/kr) mice (Hiai =t al.,

'lc

1977), in tumours of the reticuloendothelial system of
BXH-2 mice (Bsdigian et al,, 1979) and in thymomas of
BALR/Mo mice (Vogt, 1379).

"he mechanism of recombination has not ©been
2lucidated but it is clear that recombinational events
can occur only in c=#lls in which both viral genomes
are bheing replicat2d, Recent work suggests +hat the
formation of MCF MulV requires +he production of high
titres of both =ecotropic and ¥Y-tropic viruses
(Bedigian et al,, 1979). 7In AKR nice, the ecotropic

viruses are produced at high titres *hroughout life,
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Yenotropic virusss ar2 not produced until & months of
age, which correlat=s with the time of recombinant
virus release and leukemia onset (Kawashima et al.,,
1976) . The HRS/J mice, homozygous for the recessive

ene hr (hairless mutation), show high incidence of

GO

laukenmia, Thesa mica produce higher titres of

©

xenotropic virus than the low leukemic hr/+ mice, but
+he ecotropic virus titres in both strains are
comparable (Hial et al.,, 1977).

The acquistion of oncoganicity through
racombira+tional avents has also been shown +to occur
during the formation of sarcoma viruses, Sarcoma
viruses have th2 ability *o *ransform cells in vitro
and induce so0lid tumours in vivo. The murine sarcoma
viruses have Dbeen gsnerated by passage of murine
leukemia viruses through nmice or rats, and are
recombinants of l2ukemia viral and cellular sequences.,
Ir *he case o0f th2 Kirsten murine sarcoma virus, the
cellular sequences have been shown to be from a
portior of a rat endogenous virus (Scolnick et al.,

1976).
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MATERTALS AND METHODS

Hice
BALB/c mic2 originated from a stock obtained from
*he Jackson Labora+tory (Bar Harbor, Maine). They

ranged in age from 2-5 months and weighed 20-30g at
~he *ime of tr=atmen=, Mice were trea*ted in groups of
+hree and the livers were poolesd befora RNA extraction

or use in the host range determination.

Carhon tetrachlorids_ (CCl4) and bromodeoxyuridine (Br-

dUrd) freatment

Carbon tetrachloride was administered by an
intraperitoneal injection of a 10% solution (w/w) in
oliva oil, Fach mouse received 0.02ml1 of CCl4
solution/g of body weight, 2t various times following
CCly treatment (Table 1I) t+he mice received two
intraperitoneal injections of 1.5 mg esach of BrdUrd,
in normal saline ({0.9%). Livers were excised on day
3-8 after BrduUrd inj=ction, and stored a4 -652C until
used, Livers from untreated mice or mice treated only

with CCl4 were used as controls.

Datermination of Brdlrd levels in_blood after intrape-

ritoneal_inijection

Sixty pCi of [3H]-Brdnrd (15-30 Ci/mmol) was
injected intraperiton=2ally to each animal. At 1, 2, 3

and 4h after injection, blocd samples were withdrawn
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by opthalmic venous plexus puncture and centrifuged at
400qg for 10 min at 4°C, Aliquots of plasma were dried
on 0,u45mp Millipore filters and ths radioactivity vas
counted, Blood from untr=ated mice was processed in
the same way as control.

Determination 2f [34]1-Brdyrd__incorporation into DNA_-

e i e st S i S, i > T > W ot o i e e i o e

Following CCl4 treatment each mouse received two
injections of 30pCi each of [3H]-BrdUrd at times
indicated in Table I. Livers were collected 4h and 4
dayvs aftsr the secoad [3H]-BrdUrd inijection, DNA was
extracted, and the radioactivity of DNA samples
counted, [3H]-8rdUrd incorporation was estimated as

cpm/pg of DNA,

RNA _=2x*raction

Total cellular RNA was extracted by the method
described by Glisin =t al. (1974), ¥ith some
modifications. Tissues ({2-3q) were minced | and
homogenized in 15 vol of TNE buffer (0.1M NaCl; 0.01M
Tris-HCl, pH 7.4; 0,001Mm EDTA) containing 1% sodium
lodecyl sulphate {SDS). The homogenate was extracted
with a mixture of 1/2 volume of water saturated phenol
andi 1/2 volume of chloroform-isoamyl alcohol (24:1) at
650C, and then at rCoom temperature, followasd by
several extractions with 1 vol of chloroform~isocanmyl
alcohol at room temp=aratursa, Nuclaic acids were

precipitated in 2 vol of =2thanol, resuspendsd in TNE
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buffer with 1% 3$D5 , and 1g/ml of cesium chloride
{CsCl) was add=d, and mixed thoroughly. Eight ml of
~his preparation was than layered onto 2ml of 5.7H4
CsCl in 0.1 EDTA and centrifuged at 134,000g for
12-16h at room tamperature, The RNA pellet was rinsed
with TNE buffer and resuspended in distilled water at
a concentration of 10-15 mg/ml, All RNA preparatiorns
had a ratio of absorbance at 260/280nn of

approximately 2,0,

DNA_axtraction

Homogenization of <issue and homogenate
extraction proceduras were the same as described in
INA extraction m=2thod, except that all extractions
Wwere paerformed a%x room temperature, Ethanol
pracipitated nucleic acids were dissolvad in a buffer
containing 0.01% Nacl, 0.01M Tris-HC1l (pH 7.2) and
0.0014 EDTA., The preparation was adjusted to 0.3M
NaOH and incubatzd for 12-16h at 379C to hydrolyze the
RNA. The samples ware then neutralized, dialysed
against TNE buffar and then against water,

lyophilized, and recons*ituted in distilled water.,

Synthesis_and_purification of

virus-specific [3H]-cDNA

An endogenous reverse transcriptase reaction
described by Banvenista et al, (1977) was used, The
reaction mixture contained 0,04M Tris-dAcCl (pH 7.8),

0.,06M KC1l, 12mM magnesium acetats, 2mM dithiothreitol,
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0,02% (v/v) Tri*on X-100, 50pg/ml actinomycin-D, 5mM
[31)-TTP (40-60 Ci/w), 2m4 each of dATP, 4CTP and
i6TP, and vourifi=d N- or X-tropic endogenous BALB/C
viruses (approximataly 0.2-0.4mg virus protein/ml).
The reaction was incubated fonr 90 wnin at 37°C,
deproteinized by phenol-chloroforn 2xtraction,
dialysed against water and lyophilized, The sample
was then applied +to a Sephadex G6-50 column and
fractions containing acid precipitable radiocactivity
were pooled, The pooled sample was adjusted to 0.5H
K0OH, incubated at 379C  for 12h, neutralized, dialyzed
and lyophilized, The lyophilized material was
suspended in water at a concentration of approximately
1000cpm/pl  and stored at =-209C until used, These
{3H]-labelled DNA products were 98% single stranded,
had a specific activity of 1.8x107cpm/pg, and
represented ovear 70% of the wviral genome at a molar

ration of wviral RNA to cDNA of 1:1,

The 300pl reaction mixture contained 0,02M
Tris-HCl {(pH7.4), 0.06M ¥NaCl, 0,007 EDTA, 0.05% SDS,
approximately 1,5x10%cpm of virus-specific [3H]-cDNA
and 5-6émg/ml of total cellular RXA or 0,05mg/ml of
viral RNA, Hybridization reactions were heated at
100°C for 10 min and cooled rapidly before incubation
at $50C, Hybridization was measured as the percentage

of input [3H]-cDNA counts that remained
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trichloroacetic acid {(TChn) precipitable after
digestion wi*h single strand specific S1 nuclease
(Milas Lab), PRo% valuss were calculated as suggested
by Britten et al, (1974) and corrected *to a monovalent
cation concentration of 0.78M., Rot is the product of
RNA concentration and length of hybridization reaction
anl is calculated as nucleic acid absorbance at 260nm

x honrs of incubation divided by 2.
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Determination of host-range of_ induced viruses

NIH-3T3 and mirk cells were grown in Dulbecco's
modified medium supplemented with 10% fetal calf
Serum, Livers from treated and control mice were
removed aseptically and homogenized at 40C, The
homogenate was centrifuged at 500g for 10 min at 4°C,
The supernatant {2-3m1) Was then added to
semi-confluent cultures of NIH-3T3 and nmink cells
which trad bean pretreated for 1h with mediunm
containing 32pg/ml polybreane, After 2-2 1/2 h of
incubation at 37°C the <cells were washed and the
medium replaced. The cells were grown and subcultured
on a regular basis for at least two weeks, before

assaying media for reverse transcriptase activity.

Reverse_transcriptase assay

Media from cultures to be tested were centrifuged
a+ 10,0009 for 15 min and the «clarified supernatants
wvare recentrifuged at 150,000g for 30 minutes.
Pellets were then suspended in 100pl of 0.02% Triton
X-100. Thirty-siven pl of sample was added to 33ul of
reaction mixture containing 0.05M Tris-HCl (pH B8.0),
3mM dithiothreitol, 1mM MnAc, 0.03mM EDTA, 0.06M KC1,
0.02 A260 poly(rA), 0.02 A260 oligo{dT) and 0.14ucCi of
{3H]-TTP, Reactions were incubated for 1h at 37°C,
20p1 of saturated sodium pyrophosphate was added, and

the TCR precipitabls radiocactivity was counted.
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Availability of BrdUzd_in_blood after injaction

In order +o datermins +the availability of BrdUrd
for ircorporation in*o DN2, the plasma level of
injectesd [3H]-BrdUrd was monitored over a U4h period.
Figure 1 shows that although +the level of [3H]-Rrdurd
in *he blood dropped sharply between +the first and
second hour post-injection, a significant proportion
remained for at 1lzast 4 hours. Since during the
present induction studies, treated mice received two
injections of 1.5 mg 2ach of BrdUrd at an interval of
#h, Brdurd was avalilable for incorporation 1into cell
DNA for at least 8 h at an estimated concentration of
more than 150pg/ml (based on 2ml blood/mouse). This
concantration of Brdird was several times more than
the amount reportad to be required for endogenous

retrovirus irnduction in vitro (Besmer e+t al., 1974).

Incorporation of BrdUrd into liver DNA

Centrolobular necrosis, comprising 50% of total
liver, takes place after CCl4 injection into mice and
DNA synthesis begins at 28 h post CCl% injection. The
rate of DNA synthesis is maximal between 40 and 60 h
following <CCl4 treatmentb and 1liver regeneration is
complete by the tenth day post-treatment {Schul*tze et
al., 1973). 1In order *o confirm that BrdUrd did get

incorporated into cellular DNA, liver DNA was isolated
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from mice which had raeceived two {3H ]-Brdurd
injections either at 40 and 44 h, 46 and 50 k, or 53
and 57 w after CCl4 =zreatmen+t and the radioactivity in
DNA was counted, Ra2sults presented in Table I show
that significant incorporation of [3H]-BrdUrd into DNA
5f CCli-induced r=2generating liver rasulted during all
thres treatment periods, However, the specific
activity of 1lab=lled DNA decreased 100-1000 fold by
~he fourth day following CCl4 treatment,. This could
have resul+*ed from successive cell divisions after
labelling, and/or ramoval of BrdUrd from DNA, as has

been reported for raganarating rat liver {(Arfellini =t

al,, 1877).

Zffect _of Brdurd_incorporation_on_expression of N-_an-

The hybridization of RNA and labelled viral cDNA
probas 1is an 2ffective technique for the detection of
charges 1in the 1lavel of expression of +he viral
genome, In order %o determine +the effects of
CClu-induced liver regenaration and BrdUrd
inccrporation into liver DNA on the +transcription of
2ndogenous retrovirus genomes, hybridization of total
liver BNA wi+th BALB/c endogenous N- and X-tropic viral
[ 3H]-cDNA was carried out., It was possible +hat the
CCl4-BrdUrd treatment in vivo would have no effect on
viral genome transcriptiorn, cause a higher expression

of +the viral genome, or induce tha endogenous
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retroviruses., If egither of the latter tvwo

o)
Q

=1

O]

ibilities +ook place, an increased level of
hybridization of the [ 3H ]-cDNA would be expected.

Studies in vitro have shown that induction takes
place2 in only 5-15% of treated cells (Wu et al.,
1977) . Induction in vivo might involve an even
smaller percentage of cells and result in the release
of only a small number of viruses, In this case, the
number of viral transcripts would be low and greatly
diluted by <cellular RNAs 2and therefore saturation
hybridization of the viral probe would be difficult to
achisve, even with a very high Rot . In such case, an
appropriate method of determination of virus induction
would be an infectivity assay.

Several sets of hybridization experiments were
performed using ei+ther N-tropic or X-+tropic wvirus
spacific [3H]-cDNAs with liver RNA extracted from

untreated mice, CCl4 *treated mice, and mice receiving

Y]

both CCl4 and BrdUri1 and killed on day 3-8 after
Briurd +reatment. The hybridization values are
presented in Table II and Table III and are the
maximal levels reach=2d4 on hybridization curves a+ the
qJiven Rot valu=es,

Table II pres=ants the data obtained from
hybridization of liver RNAs +to the N-tropic virus
specific [ 3H]-cDNA. In the first set of experiments

(performed from Augqust to October 1977), CClH treated

RNA hybridized +o 32%, and Brdlird and CCl4 treated
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RNAs hybridized from 22-439%. The hybridization value
for untreated liver achieved at that time was 30%
Mukherjee and Mobry, 1879y, These hybridization
reactions wera carried out o a Rot of 13000-15000,
whick la*er experimentation indicated was insufficient
for sat*turation. However, it <can be seen that in
general those RNAs from mice killed on day 3-5 after
Brdlird gave higher hybridiza+tion values than the RNAs
from mice killed on day 6-8, Because in vitro studies
had indicated that maximal virus release occurs on day
3-4 after BrdUrd it was decided to concentrate efforts
on the day 3-5 after BrdUrd *ime period.

Table II also presents the rTesults achieved in a
second set of hybridization reactions performed with
+he N-tropic probe at a 1later date (October- December
197R) . Hybridization of 1liver RNAs from CCl4 and
Brdnrd +treated mice *(day 3~5 after BrdUrd), CClu

~reatad mice {day 6 and 10 after CCl4) and untreated

¥

mic waere carried our to highar Rot values
(19000-34000) . Hyhridization of untreated liver RNA
reached 40% at Rot 25000 and U42% a+ Rot 31000, Liver
RNA from CCl4 treated animals hybridized u49% (day 6
after treatment), and 41% {day 10 after treatment) at
Rot values of 26000 and 25000 respectively. CClt# and
Brdurd +*reated 1liver RNA hybridiza+tion levels ranged

from 44-53%,

Since hybridization levels reached 1in *he second

0n

a* of reactions was greater than in the first set, it
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can be concluded that +the first results were not
saturation levels, It is therefore 1likely that
hybridizations with RNAs from CCl4 and BrdUrd treated
animals killed on day 6-8 after BrdUrd <o higher Rot
values would reach the lavel obtained with untreated
liver, However, since this Wwas not tested the
possible significance of the lower than normal
hybridization levels reached with ENAs from day 6-8
after Brdurd at the lower Rot values canndt be
assessed,

Table ITII presents hybridization values obtained
with the X-tropic virus [3H ]-cDNA. In one group of
axpariments (performed October-December 1977) 1liver
RNAs from CCl4 and Brdord +*reated mice killed day 3-6
after BrdUrd, CCl4 +reated mice and untreated mice
were hybridized to the virus specific probe., Levels
of hybridiza*tion for CCl4-BrdUrd +reated liver RNA
ranged from 33-61% at Rot values of 17000-20000.
Untreated 1liver RNA hybridized 31% (Rot 13000) and
CClt +rea+ed liver RNA hybridized 35% (Rot 20000).
When some hybridizations were carried out to higher

Rot (October-Dacember 1978) i* was found that the

D

value for untreated liver RNA hybridization increased
©0 38%, for CCl4 trea*ted liver RNA reached 45% (day 6
afrer treatment) and 41% (day 10 after +treatment).
Figure 2 illustrates the most important
hyhridization curves requiring comparison. It can be

s2en that total 1liver RYA from untreated BALB/c mice
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hybridized to approximately #2% of the N-tropic arnd
387 0f the X-tropic viral probaes, The liver RNA from
mice recaiving <CCl4 +reatment alone and collected at
day b post-treatment, showed 1increased levels of
hybridization with both probes., Hybridization values
Wwere U9% for N-~tropic and 45% for X-tropic { 3" ]-cDNA.
Maximum levels of hybridizatior were reached for both
viral probes with RNA from animals receiving BrdUrd at
40 and 4% h post CCl4 +trea+tment and killed on <the
fourth day following BrdUrd injec+tions. This
hybridization value was 61% for X-tropic (Fig 2a) and
53% for N-tropic viral probe (Fig. 2b) . The
hybridization value of 53% was reached at a Rot of
20000 and did not increase at higher Rot {(up to
34000); indicating that if viruses were being produced
viral ENA was not in sufficient quantity to saturate
the probe, Sincs purified wviral RNAs hybridized to
83% with +their homologous [3H]-cDNAs, the normalized
maximum hybridization values for ccly plus
Brdfird~treated liver RNA were 6u4% for the ¥-tropic and
73% for the X-tropic ©probe, These results were
consistent with the study of Besmer et al., 1974 in
which increased lavels of viral specific RNA were
detected in induced cslls.,

However it has been shown that Idurd can
stimulate +the overall transcriptional activity of
*reated cells (Chatopadhyay et al., 1979)., Similarly,

the observed da%ta could sugges* an increased level of



O

O

30
+ranscription of *h2 viral genome without induction
+aking place. As i* was impossible to distinguish
hetween these two possibilities by furthur
hybridizatior analysis, an infectivity assay was

attampted,

R s s e o s A e ik s W o, A W s s i S A i gy S A i

Infection of a c2ll by an endogenous Tretrovirus

results in the integration of a DNA copy of the viral

“genome into the cellular DNA followed by the

replication of virus without any harmful effec+s on
the cell, Viruses bud off <from the c211 membrane and
are released into the culture media, Presence of
virus particles in the media can bhe detected by an
assay for *the viral enzym= reverse transcriptase (RT).

Since +the highest hybridization values were
ohtained with liver RNA from mice which had received
Brdord 40 and 44 h after CCl4 and killed on day 4
after BrdUrd treatment, 1livers from mice receiving
+his sama treatment were tested for the presence of
infactive retroviruses, Liver homogenates were
incubated for approximately 2 h with NIH-3T3 c=2lls
{for detection of N-tropic virus), and alsoc with Mink
cells (for detasction of X-tropic virus)., Following
this treatment the cell cultures were washed and then
grown and subcultured on a reqgular basis until tests
wars made for virus production, Exogerous virus

particles remain viable and infective for only several



31
hours at 37°C., Thar=fore de<ection of virus particles
from the liver homog=anats which had not infected cells
would not be possiblz, as cell cultures wvere not
testad until at l2ast two weeks after treatment. This
pericd of +tim= allowed for the spread of viruses to
surrounding c¢=211ls and hence the release of large
numbhars of viruses in*to the culture media.
Significant levels of reverse transcriptase activity
wera detected in media from NIH-37T3 cultures infected
with thres separats *treat=2d liver homogenates and from
mink «cell culturas infected with one treated liver
homogenate, 1indicating +that both N- and X-%tropic
viruses were induced in *he +*reated 1liver cells,
Suparnatants of NIH-3T3 and wmink cultures infected
with liver homogenates from untreated mice and from
mice treated onlvy with CClu4, showed no reverse
transcriptase activity (Table IV). OUOntreated NIH-373
and mink cell supernatants also 4id rnot show reverse
transcriptase activity,

The possinbili+y that unincorporated Brdurd
in*roduced through thz treated liver homogenate to the
c211 culture caus2d induction of virus is highly
remote for the following reasons. Since the plasma
lavel of BrdUrd d=cre2ased rapidly within four hours
after treatment (Figure 1); the amount of Brdird in
the liver 4 days after +treatment was most likely
sigrificantly below the minimum dose used for in vitro

induction {20ug/ml, Basmer &+ al.,, 1974)., Secondly,
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afforts +to induce NIH-3T3 cells by halogenated

pyrimidine +

4

satmant have not heen successful to date.

Finally, in vitro induction by 3rdUrd or IdUrd has

s
been shown +o be a highly transient event, The
observaed high l2vaels of RT activity at 2-4 weeks
after *reatment indicats *ha* the viral production was
not transient, bur <the result of virus particles

e

infecting and growing in a call culture,
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DISCHSSION

Most 1in vitro studies on the induction of
2ndogenous retroviruses by halogesnated pyrimidines
hav2 been carriad nu* with permanent c211 lines, which
have oaften acquirad abnormal chromosome complements
and autonomous growth characteristics, Cells in vitro
are axposed to an a different physiological
anvironment +*han in vivo, They are no%t under the
influernc2 of hormones, immunological surveillarce, and
axtracsllular growth control mechanisms., The present
study shows that BrdUrd incorporation <can cause
inductiorn of hoth N- and X-tropic erndogenous
ratroviruses in hepatocytes of BALB/c mice (Table
IIXI), under in vivo physiological conditions.

Several similarities be=ween in vivo and in vitro
indnction by Rrdird are evident, N- and X-tropic
virus induction £from cells in <culture occurs over a
period of 2-8 days after BrdUrd ¢reatment, reaching a
peak a+ day U4 (Besm=r et al,, 1974)., The pres=nt in
vivo study show=d that N- and X-tropic viruses were
released on day 4 aft=a2r BrdUrd treatment (Table III),
and hvbhridization results suggest that as in vitro,
viruns production was transient., Hybridization values
for both N- and ¥X-tropic viral [3H]-cDNAs with liver
RNAs from mices killed at days 6-8 after Brdurd
*reatment were close to the levels obtained with liver

BNA from untreate2i animals (Table 1II). PFurthermore,
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it has be=sn shown for cells in vitro that
incorporation of Brdurd into DNA synthesized at a
raes*tricted time of +the synthetic period must take
place for the virus induction +o occur (Besmer et al.,
1974y, Since hapatocytes divide somewhat
synchronously during reg=sneration (Schultze et al,,
1973), it can b2 suggested +that in vivo Brdurd
incorporation into «cri*ical DNA segments takes place
40-48h post-CCl4 +treatment,

The observation that liver RNA from animals

ot
8]

reated with CCl4 Aalone hybridized with both wviral

rg
4

obes to a gr=a*ter eaxtent than d4id RNA from untreated

Q

animals (Fig. 2), is consistent with earlier reports
of a correlation between increased transcription of
andogenous retrovirus genomes and cell proliferation
(Mukherje= and Mobry, 1975 Vincent et al., 1976).
However, hepatocvtass of animals +treated with CCl4
alone did not produce viruses {(Table III).

Most endogenous viruses rel=ased from uninfected
cells in vivo or in vitro do not have the ability *o
caus=2 rneoplasia, Howaver, there are examples of
endogenous nonl=2ukamogenic viruses acquiring opcogenic
activity after heing passaged through animals or cells
in culture (Haas, 1974; Rapp and Todaro, 1978B; Devare
et al.,, 1978)., L2uk=2mogenic viruses have also been
detacted durin tha onset of leukemia in highly

leukemic mouse strains (eg. AKR), in mice exposed to

X-rays {Gross and Feldman, 1968) and chemical
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carcinogens {(Igel =t al., 13969), and subjected o
certain specific immunological reactions (Hirsch et
al,, 1970).

Recent s*udi2s have indicated tha+ many of the
highly oncogenic viruses are g=snerated through
recombinational avants involving nononcogenic
endogenous viruses., The causative agan*t for leukenia
in AKR mice is *+he MCF (mink cell focus-inducing)
virus (Hartley =t al.,, 1977). The MNCF virus 1is
polvtropic {i* has ths host range of bhot eco~- and
¥xenotropic MulVs), and has beern shown to possess an
aco*ropic/xenotropic recombinant env gene (Elder et
al., 1977). Similar pclytropic recombinant oncogenic

viruses have also been detected in other mouss strains

<D
Q

*ha* have a high rate of spontaneous neoplasia {Staal

at a3l

al,, 1977; Elder =t al., 1977).
Production of both xenotropic and ecotropic
viruses occurs in cells of tissues which subsequently
hecome transformsd during immunologically stimulated
{Hirsch e+ al., 1975), ch2mically induced (Armstrong
et al., 1978) or spontaneous (Bedigian et al., 1979)
neoplasia, Thsre 1s evidence that it is the release
of high levels of xeno*ropic virus that is crucial in
~ha gereration of MCF viruses and lszukamia development
(Hiai et al.,1977; Bedigian et al.,, 1979).

Irn this study it has bsen shown that both ¥~ and

X-tropic virusas can be induced from BALB/c

hepatocytes by chemical means, This finding appears
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significant since endogsnous viruses have been shown
*0o have the vcapacity tn generate oncogenic viruses
“hrough recombiration, when both viruses are produced
in +*he sames cell, It 1is «clear that cells which
undergo repeatad divisinn to sustain normal functions
of various organs migh*t also be vulnerable to
BrdUrd-mediated endog2nous re+trovirus induction and
+hat *the in vivo physioloqicil environment does not
appear to have a mechanism to prevent induction from
occurring, This is particularly important due to the
fact that environmental fac+tors, many of then
chemical, are now +*thought to be involved 1in a

sigrificant portion of spontaneous neoplasia in man.
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TABLE I

[ 34]-8Brdurd Ircorporation into DNA of CCl4 Induced Regenerating Liver

— — —— — ——— ——— . o it - —

[ 34 ]-Brdird injection [ 3H]-BrdUrd incorporation into DNA: cpm/pg

———— o ot 10t o St —— o —

(h after CCly4 ?reatment? 4 h after injectign 4 days after injection

— - —can — e — e ot s -

40 and 4o 2.5 x 104 1.5 x 10
46 and 50 1.9 x 10¢ 1.5 x 102
53 and 57 6.5 x 10¢ 1.5 x 102
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. . * ; . ) .
Hvhridization Levels of Treated and Control To*zal Liver ENAs wi-

N-+ropic Virus-specific [3H]-cDNA

Liver ENA Hybridizatior Values
T B3rauzd Tissu2 Date of Hybridization
Injections ITx*traction Aug.-0Oct. 1977 Oct.-Dec. 197
CClb h af-ec davs af<~er
treatmant CT1l4 CClu or 3rdUrd % hyb, FEo+* (x10-3) 7Zhyb. Rot (x10-
- - 40 25
u2 31
+ - b 32 13 49 26
10 41 25
+ 40 ard 44 5 3 38 13 e 19
6 4 49 13 53 20
51 34
7 5 24 13 45 19
8 ) 28 15
9 7 22 15
10 8 21 15
+ 46 and 50 5 3 31 13 49 22
6 4 31 13 49 22
7 5 39 13 49 20
8 5 35 15
9 7 2 15
10 3 27 15
+ 53 and 57 5 3 32 13 ue 22
6 4 37 13 4o 19
7 5 39 13 u5 19
8 6 32 15
9 7 26 15
10 3 23 15

* Based on hybridization values obtained with homologous viral RNAs, the hybridizsation

value attained for each reaction may vary within + 2.5 hybridization.
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TRRLE IIX

Levaels®* of Trea+=2d and Control To*al Liver RNAs with
X-+ropic Virus-specific [3H]-cDRA

Hybridization

Livar RNA Hybridiza*ion Values
T T T TTRZanra Tissue " Date of Hybridization
injections ZIx*raction Oct.-Dec, 1977 Oct.-Dec. 1978
CClu h af+er days aftar
<r=23tment CC1lY4 CCl4 or Brdurd 7 hyb, FERot(x10-3) Rhyb., Fkot(x10-3
- - 31 15 38 31
+ - ) 35 20 45 26
10 41 25
+ 40 anrd 44 5 3 33 20
6 4 61 19 61 21
7 5 34 20
8 6 38 19
+ 46 2nd 50 5 3 41 20
6 4 38 20
7 5 3u 20
8 6 42 19
+ 53 and 57 5 3 L7 17
A 4 67 17
7 5 43 17
8 6 47 19

* Based on hybridization values obtained with homologous viral RNAs, the hybridization
value attained for each reaction may vary within + 2.5 hybridization.
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TABLE IV

Activity of Tresa=ed and Con

40

trol Cultures

- e e s " i A el e e ok s S . . . A o S o i i 7] ot e A it i . S e D o ) . e S O S e A el A A e, S " T . o S T T S _— A i, . . T o o .

Mink

Infec*ted with

untreatad liver
homogenat=a

control**1liyar
homcgznate

not +treza=ed

control*%*¥]livar
homogerata

wr2ated¥*kk]livar
haomogenats

Time of assay
(lays af=er

Expt. # infection)
1 15
21
2 15
21
1 14
22
1 16
22
29
36
2 16
29
3 15
1 14
22
2 14
22
1 15
28

[ 3H]-TuP
"incorporation
(cpm)

205070
240580
332550
453920
510780
337380
369760

135%

99
342
146
331

2290
510800

R L e en W R W L L NS e MR e AR M W . ML e e s e i . R s ik e = A m e e e = wm = o W e - an e - -

* averag2 of six =xperimz
¥% control livers wera fr:
*%% +treoated livers ware

injsc*ions at 40 and 44 h pos: CClY +rea+tmeant

s (NIH-3T3), avarage of th
m animals killed day 6 af*e
om animals kill=d day 4 aft

res experimernts (Minil
r CCl4 treatment
er receiving Brdord
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FIGURE 2
Hybridization of a) ¥X-tropic and
b) N-tropic virus-specific [3H]-cDNA
with total liver RNA from:
O==-——0 , untreated mice;
g————n , CCl4 *+rea*ted mice (killed day & after CCluy);
e————» _, CCl4 and Brdurd *reazed mice (killed day 4 after

Brddrd injections r=ceivad %0 and 44 h post CCl4),
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