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Viral RNA expression was studied by dot blot hybridization with polyadenylated RNAs extracted from a

bovine (YR-1) and an ovine (YR-2) tumor cell clone. Both clones were derived from in vivo bovine leukemia
virus-induced tumors. The probes used were either the bovine leukemia virus information or only the long open
reading frame sequences. No viral RNA corresponding to the bovine leukemia virus long open reading frame
region was detected in YR-2, and a very limited amount of bovine leukemia virus messages was unraveled in
YR-1. These results strongly suggest that viral expression, even in the long open reading frame region, is not
required to maintain transformation of at least some tumor cells.

Bovine leukemia virus (BLV) is a retrovirus distantly
related to the human T-cell leukemia viruses (HTLVs) (2). It
induces B-cell lymphomas in cattle after long latency peri-
ods. The BLV provirus has widely dispersed integration
sites (6, 10), a finding also made for HTLVs (8, 17). Both
BLV and HTLVs contain an unexpected sequence, the X
gene, located between the env gene and the 3' long terminal
repeat (15, 18). One can hypothesize that the X gene plays a
key role in inducing and maintaining cell transformation
because it contains, in both BLV and HTLVs, long open
reading frames (LOR) (15, 18). BLV-producing cell lines
express three mRNAs (9.0, 5.0, and 2.1 kilobases) corre-
sponding to the genomic RNA, the env LOR, and LOR
messages, respectively (12). It has been repeatedly observed
that fresh persistent lymphocytosis lymphocytes do not
contain any BLV RNA or BLV proteins (2, 9, 11). However,
when these cells are put in culture, they express virus
particles within a few hours, and thus BLV provirus escapes
repression (1, 7). Similarly, no viral messages could be
detected in fresh cells of BLV-induced bovine (9, 11) or
ovine tumors (R. Kettmann, unpublished data). In this
paper, we report the establishment in culture of two BLV-
induced tumor cell clones and indicate that, in contrast to
persistent lymphocytosis lymphocytes, tumor cells either do
not express (YR-2) or express at a very low level viral
mRNAs.
Two lymphoid cell lines were established with peripheral

leukocytes of animals bearing BLV-induced tumors. One,
YR-1, was derived from a naturally BLV-infected cow (no.
158); the other, YR-2, was established from an experimen-
tally BLV-infected sheep (no. 395). Leukocytes were recov-
ered from peripheal blood after lysis of the erythrocytes by
hypotonic shock and cultivated in suspension in RPMI 1640
medium supplemented with 10% heat-inactivated fetal calf
serum, 50 ,uM 2-mercaptoethanol, and 100 ,ug of penicillin-
streptomycin per ml. These cells formed colonies in soft agar
(data not shown). DNA was extracted twice with phenol-
chloroform after a 1-h incubation at 37°C in TNE buffer
(TNE = 0.01 M Tris-hydrochloride [pH 8.3], 0.15 M NaCl,
0.001 M EDTA) containing 200 p,g of predigested pronase
and 0.5% sodium dodecyl sulfate per ml (10). The DNA was
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then ethanol precipitated and dissolved in TE buffer (TE =
0.01 M Tris-hydrochloride [pH 7.5], 0.001 M EDTA). After
3 to 4 weeks, each culture was essentially a monoclonal
population of tumor cells, as shown by the EcoRI restriction
patterns of their DNAs (Fig. 1A, lanes 2 to 4; Fig. 1B, lanes
2 to 4).
Each cell line DNA displayed the same restriction profile

as its corresponding tumor DNA when the Southern blots
(20) were hybridized to 32P-labeled cloned BLV DNA (4) as
a probe (Fig. 1A, lanes 2 and f; Fig. 1B, lanes 2 and 4). This
result indicated that the clones proliferating in the cultures
were indeed the tumorous clones present in vivo. One and
four proviral copies were present in YR-2 and YR-1 DNAs,
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FIG. 1. DNA hybridization with nick-translated cloned BLV
DNA as a probe. (A) Ten micrograms each of normal bovine
leukocyte DNA (lane 1); cow (no. 158) tumor DNA (lane 2), cow
(no. 158) peripheral uncultivated leukocyte DNA (lane 3), and cow
(no. 158) cultivated leukocyte (YR-1 clone) DNA (lane 4) were
digested to completion with EcoRI and electrophoresed in an 0.8%
agarose gel. Southern blots (20) were preincubated for 3 h in a
plastic box with 40 ml of a mixture containing 3 x SSC (1x SSC is
0.15 M NaCl plus 0.015 M sodium citrate), lOx Denhardt medium
(3), 0.01% sodium dodecyl sulfate, and 200 ,ug of denatured salmon
sperm DNA per ml. The filter was then hybridized for 18 h in the
same mixture containing 5 x 106 cpm per ,ug. Final washings were
performed in 0.1% sodium dodecyl sulfate-0.2x SSC at 65°C. After
drying, the filter was exposed to a Kodak XAR-5 film at -70°C in
the presence of a Siemens intensifying screen for 1 day. (B) Ten
micrograms each of normal sheep leukocyte DNA (lane 1), sheep
(no. 395) tumor DNA (lane 2), sheep (no. 395) peripheral unculti-
vated leukocyte DNA (lane 3), and sheep (no. 395) cultivated
leukocyte (YR-2 clone) DNA (lane 4) were treated as described in
(A). Only the high-molecular-weight regions of the Southern blots
are shown.

899



900 NOTES

A

d

b

0

0

1 2 3 4 5 6 7

El

e*

c

b_
a

1 2 3 4 5 6 7

FIG. 2. Dot blot assay of polyadenylated RNAs. In lanes 2 to 7,
1:5 dilutions containing from 2 ,ug (a) to 3.2 ng (e) of polyadenylated
RNA were tested. Polyadenylated RNA from BLV-infected fetal
lamb kidney cells was taken as the positive control (lane 1, b to e).
The dot blot preparations were hybridized with (A) the 32P-labeled
cloned BLV DNA fragment (specific activity was 4 x 108 cpm/pg)
and (B) the 32P-labeled 815-base-pair LOR ClaI-PvuII (10) subcloned
fragment (specific activity was 2 x 108 cpm/j±g) and processed as
described in the legend to Fig. 1. Autoradiography was for 1 day in
(A) and 2 days in (B). Lane 2, Normal bovine leukocytes; lane 3,
tumor of cow (no. 158); lane 4, YR-1 clone; lane 5, normal sheep
leukocytes; lane 6, tumor of sheep (no. 395); and lane 7, YR-2 clone.

respectively. Moreover, restriction digests with SacI (which
cleaves only within the long terminal repeats in this BLV
variant) showed that all of the proviral copies under consid-
eration were complete (data not shown).

Viral RNA expression was studied by dot blot hybridiza-
tion with polyadenylated RNAs with either the complete
BLV information (Fig. 2A) or only the LOR sequences (Fig.
2B) as probes. RNA was extracted from leukocytes or tumor
cells with a modified guanidine hydrochloride extraction
technique and, after ethanol precipitation, chromatographed
on oligodeoxythymidylic acid-cellulose (21). BLV-infected
fetal lamb kidney cells were used as positive controls (Fig.
2A and B, lanes 1).
YR-1 RNA showed a weak hybridization signal with both

probes (Fig. 2A and B, lanes 4). To estimate the low amount
of viral RNA present in the YR-1 cell, the signal obtained
with 3.2 ng of fetal lamb kidney cell RNA (Fig. 1A, lane 4)
was compared with that obtained with 2 ,ug of YR-1 RNA
(Fig. 1A, lane 1). Considering that (i) the BLV-infected cells
contain ca. 40 molecules of BLV 35S genomic RNA per cell
(13), (ii) the dilution factor between the amount of fetal lamb
kidney cell and RV-1 RNAs under consideration was 625,
and (iii) the ratio of intensities of the signals as measured by
densitometry was 2:1 for fetal lamb kidney cells versus
YR-1, it appeared that 0.03 molecule of BLV 35S was

present per cell in the YR-1 population. Similar data were

obtained with LOR sequences as the probe (Fig. 1B, lanes 1
and 4). We are thus led to the conclusion that the expression
of viral messages is extremely low in YR-1.

In YR-2, the situation seemed quite clear-cut. YR-2 RNA
did not show any hybridization above background. It should
be added that treatment of these cells with various concen-
trations of 5-iodo- or bromodeoxyuridine failed to induce
synthesis of BLV viral proteins (data not shown).
We can summarize the present knowledge concerning

leukemogenesis by BLV as follows. (i) All tumors contain at
least one copy or a portion of a provirus, its 3' side,
including the LOR region, being always present (9). (ii) The
provirus has widely dispersed integration sites in tumors,
ruling out a cis-acting function to explain cell transformation
(9, 10). (iii) No viral RNA has been found so far in the
population of polyadenylated mRNAs extracted from BLV-
induced tumors (9, 11). Similar findings were also reported
for four or five samples of fresh human cells infected with
HTLV-I (5). As BLV information is expressed to a very
limited extent (YR-1) or is even silent (YR-2) in cultured
tumor cells, we conclude that some tumor clones at least do
not require LOR mRNA to maintain their transformed stage.
Requirement or not of the LOR product may depend on the
cell type, differentiation stage reached by the tumor cell, or
both. Rosen et al. have recently shown (16) that factors
present only in BLV-producing cells mediate transcriptional
transactivation of the BLV long terminal repeat. Such a
factor could be the LOR product (19). If so, we can imagine
that transactivation of other crucial genes is mediated by the
LOR product during the etablishment of transformation.
Once such genes are turned on, they drive the cell to
proceed from one stage to the next in the series of discon-
tinuous events toward cell transformation. From then on,
expression of any part of BLV provirus becomes useless.
Moreover, expression of cell membrane-associated viral
antigens is detrimental to the transformed cell survival. In
fact, cells expressing viral antigens are destroyed by the
anti-BLV cytolytic antibodies present in high titers in the
serum of BLV-infected animals (14). According to this
model, only cells transformed by the LOR product of the
virus and expressing no membrane-associated viral antigens
will escape immune surveillance and proliferate as tumorous
clones.
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