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Reverse transcriptase PCR (RT-PCR) consistently detected bovine leukemia virus transcripts in fresh cells,
and competitive RT-PCR enumerated these transcripts. The detection of transcripts in limited numbers of
tumor cells indicated that expression occurs in a minority of cells. The data suggest that individual cells
contain hundreds of copies of the tax/rex transcript in vivo.

Bovine leukemia virus (BLV), a B-cell lymphotropic retro-
virus of the BLV–human T-cell leukemia virus (HTLV) genus,
causes a persistent B-lymphocytosis (PL) and/or a neoplastic
proliferation of B lymphocytes in a minority of infected ani-
mals after prolonged infection (reviewed in reference 28). Vi-
rus expression in vivo is highly restricted throughout disease
progression and in leukosis. This has made it difficult to iden-
tify a discrete mechanism by which BLV can mediate leuke-
mogenesis. Amplification by reverse transcriptase PCR (RT-
PCR) has detected BLV mRNAs in freshly isolated peripheral
blood mononuclear cells (PBMC) and tumor cells of infected
animals (1, 18, 19, 23, 38). Overt virus expression occurs upon
cultivation of these cells in vitro.

The genome of BLV, like that of HTLV type 1 (HTLV-1),
contains a region, X, which encodes proteins that regulate
virus expression, have the capacity to mediate host gene ex-
pression, and have been implicated in cellular transformation
(11, 12, 26, 40, 49, 51). The expression of the open reading
frames of the X region is dependent upon spliced transcripts
(Fig. 1). pp18 Rex, a transregulator of mRNA processing, and
p34 Tax, a transcriptional transactivator, are encoded by over-
lapping reading frames in the 39 proximal portion of the X
region from a doubly spliced transcript, tax/rex (39, 41, 55),
which has been detected in vivo (1, 18, 19, 23, 38). A singly
spliced version of the tax/rex transcript, alt, has the second exon
excluded and has also been detected in vivo (19). This tran-
script is capable of encoding a truncated Rex protein (Trex;
Fig. 1) which migrates at 14 to 16 kDa (1, 19, 42, 55). The alt
transcript is similar to a singly spliced transcript of HTLV-1,
which produces a truncated Rex protein, p21 Rex. This splicing
pattern is common to all members of the BLV-HTLV genus
(34). Several spliced transcripts with the capacity to express 59
proximal portions of the X region have been identified (1, 7)
(Fig. 1). These transcripts are present at low levels in produc-
tively infected cells. Their significance is indicated by their
conservation in members of the BLV-HTLV genus and the
reduction of in vivo replicative capacity of viruses with muta-
tions in this region (7, 10, 27, 52, 54).

A sensitive quantitative competitive (QC) RT-PCR tech-
nique utilizes a size- and sequence-matched RNA competitor
in order to allow high PCR cycle numbers without loss of
quantitation (31). RT-PCR products of competitor constructs
with a modified restriction endonuclease sequence are distin-

guished by restriction digestion. In addition to the quantitation
of viral transcripts in a pool of cells, mRNAs can be detected
by RT-PCR in limited numbers of cells to assess their distri-
bution in the population (14). BLV expression has been de-
tected, rarely, in individual PBMC by in situ hybridization (30)
and RT-PCR on sorted cells (18) and in fresh lymphoid tissues
and lymphomas by immunohistochemistry (20).

We sought to quantitate BLV X region transcripts in the
PBMC of animals with PL (PL animals) and cells from malig-
nant lymphomas (ML) and to assess the distribution of these
transcripts in ML cells. QC RT-PCR was utilized to measure
tax/rex and alt transcripts, and direct RT-PCR amplification of
RNA from limited numbers of cells was used to enumerate
cells with these transcripts.

Detection of BLV X region transcripts. Primers 59B1 and
39B2 (Table 1; Fig. 1) are capable of amplifying all reported
variations in splicing of BLV X region transcripts (1, 7, 19).
Figure 2 shows the products of RT-PCR of 50 ng of RNA with
this primer pair after 45 cycles of amplification with a 63°C
annealing temperature. All RNAs were treated with DNase I,
selected by chromatography on oligo(dT) cellulose, and quan-
titated by spectrophotometry. Southern blotted amplicons
were hybridized with an end-labeled oligonucleotide probe, X
(Table 1; Fig. 1), which is also common to known BLV tran-
scripts and is internal to the primer sequences. PBMC and
tumor cells were collected from naturally infected animals.
Samples included RNAs from the PBMC of one BLV-negative
animal, six BLV-positive, hematologically normal animals
(non-PL animals), and 12 PL animals and ML cells from 18
animals. Five-nanogram quantities of RNAs from BLV-nega-
tive BL3 cells (ATTC CRL 8037), BLV-positive BL3* cells
(18) and NBC-13 cells (16), and NBC-13 cells treated with 10
nM phorbol-12-myristate-13-acetate (PMA; Sigma) were also
assayed. The BL3* and NBC-13 cell lines were previously
single cell cloned by endpoint dilution. Mock cDNA prepara-
tions from NBC-13 RNA (RT2) served as a negative control.

Products corresponding to the tax/rex and alt transcripts (414
and 191 bp, respectively) were detected in most, but not all,
samples tested (Fig. 2). tax/rex was detected in five of six sam-
ples from non-PL animals, and alt was detected in four of six.
In PL samples, tax/rex was detected in all samples, and alt was
detected in 11 of 12. All of the tumor samples contained BLV
transcripts, but one contained alt and not tax/rex, and 12 of 18
contained alt. Additional RT-PCR products, with sizes corre-
sponding to previously detected BLV transcripts as well as to
unidentified transcripts, were observed to varying degrees in
PL and ML samples.

The detection of tax/rex and alt transcripts in fresh cells has
been observed previously (1, 18, 19, 23, 38). One tumor sample

* Corresponding author. Present address: Department of Molecular
Biosciences, 7047 Haworth Hall, University of Kansas, Lawrence, KS
66045-2106. Phone: (785) 864-4022. Fax: (785) 864-5294. E-mail: jr38
@cornell.edu.

8890



was negative for tax/rex, and although it was positive for alt, this
example further weakens the case for viral protein function in
the maintenance of the transformed state. At this stage of
disease the cell genome is marked by chromosomal abnormal-
ities (43), which could account for this phenotype. BLV tran-

scripts were not detected in cells from all BLV-positive,
non-PL animals, but few of the PBMC from these animals are
infected (9, 32); the inability to detect BLV transcripts in all
samples at this stage of disease could be due to limitations of
the assay.

FIG. 1. Representation of the BLV genome, open reading frames, transcripts, and the products of translation of spliced transcripts. The locations of primers are
indicated on the genomic RNA, and their identifiers are underlined. Vertical dashed lines align common termini of transcripts, exons, and reading frames. Splice donor
and acceptor sites are numbered according to the proviral sequence described by Sagata et al. (42). Names and splice sites of alternate transcripts and their predicted
protein products are from references 19 (alt), 7 (tof/rof), and 1 (RIII, 305/7018, GIV, and 502/7157).

TABLE 1. Sequences and positions of oligonucleotide primers and probes

Primer Sequence (59–39) Nucleotide position

59ACT1 GAGAAGATCTGGCACCACAC 19–38a

39ACT2 AGCCATCTCCTGCTCGAAGT 456–437a

59ACTN1 CTGCGTGTGGCCCCCGAGGA 52–71a

39ACTN2 GGTGCGGCCAGAGGCGTACA 216–197a

59B1 GTGCTCAGCTCTCGGTCCTG 237–256b

39B2 TTCGAATTGGAGTCGCTCAT 7368–7349b

59C1 GAGCTCTCTTGCTCCCGAGA 256–275b

59TR1 CAAAACAATCGTCGGTGGCT 4705–4724b

39TR2 GATGGTGACATCATTGGACA 7320–7301b

39TR2Hind GGCATCGATGGTGACATCATTGGACAAAACCAGGGCCGGGCAAGCTTGTAGc 7326–7276b

59ALT TCCGGCAGCGGTCAG/CAAGTd 291–305/7247–7251b

X probe GTTGTTGGTTGGGGGCCCCACTCTCTACA 7252–7280b

ACT probe CCTCTGAACCCCAAGGCCAACCGTGAGAAGATGACCCAGATC 97–138a

a Nucleotide position in the bovine actin sequence (11).
b Nucleotide position in the BLV sequence of Sagata et al. (42).
c Underline indicates point mutations from the sequence described by Sagata et al. (42).
d /, mRNA splice junction.
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BLV transcription commonly occurs upon in vitro cultiva-
tion of infected cells. To address the possible onset of tran-
scription ex vivo, the following conditions were used during the
collection of tumors: (i) tumors were excised within 10 min of
the death of the animal; (ii) tumor masses were immediately
frozen on dry ice or cut with scissors in phosphate-buffered
saline on ice to release cells into suspension, and (iii) 500 mg of
actinomycin D per ml was included in cell suspension buffers,
in selected samples, to block transcription. No differences were
observed for such preparations, in either the detection or rel-
ative levels of the BLV transcripts, compared to identical sam-
ples prepared at ambient temperatures and without actinomy-
cin D (data not shown).

Figure 2 also shows the products of RT-PCR of the same
poly(A)1 RNA preparations with primers 59ACT1 and
39ACT2 (Table 1) for 22 cycles in separate reactions. These
primers yield a 437-bp amplicon from bovine b-actin mRNA.
Amplification of serial twofold RNA dilutions showed that 22
cycles provided a linear response of amplicon quantity to input
RNA in these reactions (data not shown). This allowed an
evaluation of the RNAs, quantitated by spectrophotometry, in
the context of RT-PCR.

QC RT-PCR of BLV transcripts. Analysis of the levels of
viral gene transcription in vivo focused on the tax/rex and alt
transcripts. Clones of these transcripts were prepared in pBlue-
script SK(2) (Stratagene) by RT-PCR of RNA from persis-
tently infected fetal lamb kidney cells (FLK-BLV [48]) with
primers 59C1 and 39TR2Hind (Table 1; Fig. 1). 39TR2Hind
introduces two point mutations, which alter a native BglI site to
a HindIII site. Competitor RNAs transcribed from these
clones were quantitated by spectrophotometry, and their sizes
were confirmed by gel electrophoresis. Competitor dilutions
were included in RT-PCRs of 5 ng of DNase I-treated,
poly(A)1, cellular RNAs. Specific amplification of either the
tax/rex or alt transcript was achieved with the common 39
primer 39TR2 and a 59 primer in the second exon of tax/rex,

59TR1, or a 59 primer which crosses the alt splice junction,
59ALT (Table 1; Fig. 1), and 40 cycles of amplification with
63°C annealing. Twenty-microliter aliquots of QC RT-PCR
products were digested with 5 U of HindIII or BglI for 2 h at
37°C and subjected to electrophoresis. Southern blots were
hybridized with the end-labeled oligonucleotide probe X. The
quantity of native transcripts was determined to be equal to the
quantity of competitor when the products of BglI and HindIII
digestion, 211 and 206 bp, respectively, were equivalent.

Figure 3 shows an example of quantitation of 5 ng of
NBC-13 poly(A)1 RNA, where the tax/rex transcript quantity
was assessed at 5 fg of competitor. Samples were first tested
against fivefold competitor dilutions in order to define a range
of appropriate twofold dilutions. Results are presented in Ta-
ble 2 as femtogram equivalents of competitor RNA per nano-
gram of cellular RNA and corresponding estimates of copies of
mRNA per cell. These estimates were based upon an approx-
imation of 500 fg of total mRNA per cell (from typical lym-
phocyte yields of poly[A]1 RNA). Molecules of individual
transcripts or competitor RNAs per femtogram were calcu-
lated by their lengths (tax/rex mRNA, 1,800 bases; tax/rex com-
petitor RNA, 398 bases; alt mRNA, 1,600 bases; alt competitor
RNA, 176 bases).

A total of 18 samples, indicated by numbers in Fig. 2, were
quantitated (Table 2). Samples included PBMC from five PL
animals, 10 tumor samples, and the BLV-positive cell lines
BL3*, NBC-13, and PMA-treated NBC-13. Quantities of the
tax/rex transcript were consistent in PL PBMC at approxi-
mately one to two copies per cell. In tumor cells, tax/rex levels
varied, from approximately 0.2 to 5 copies per cell. Levels of
the alt transcript were significantly lower, with copy numbers in
the range of 0.02 to 0.1 per cell. Most of the samples contained
less than one copy of the alt transcript per cell, and three tumor
samples were negative for alt, but one tumor contained ap-
proximately five copies per cell. Quantities of transcripts lower

FIG. 2. Amplification of X region transcripts. Fifty-nanogram quantities of DNase I-treated, poly(A)1 RNA preparations were amplified by RT-PCR with BLV
primers 59B1 and 39B2 (top panel) or with actin primers 59ACT1 and 39ACT2 (middle panel). The bottom panel shows the results of hybridization of BLV amplicons
with X probe. Samples include PBMC from a BLV-seronegative animal (BLV2), PBMC from seropositive, non-PL animals (BLV1), PBMC from seropositive, PL
animals (PL), and ML cells. Five-nanogram quantities of control poly(A)1 RNA preparations were used (BL3, BL3*, NBC-13, and NBC-13 plus PMA). The numbers
over the bottom panel indicate samples which were subsequently subjected to QC RT-PCR. The molecular weight (MW) lane contained a 50-bp ladder. The amplified
products of tax/rex and alt transcripts are 414 and 191 bp, respectively.
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than a single copy per cell suggest that these transcripts are
present only in a subpopulation of the cells.

Levels of the tax/rex transcript in the NBC-13 cell line were
comparable to those observed in tumor cells. This cell line can
be stimulated with PMA to induce BLV expression (24), and
such stimulation, here, increased tax/rex levels in these cells

approximately 50-fold to levels similar to those observed in
productively infected BL3* cells. NBC-13 and BL3* cells had
approximately 250 copies of the alt transcript per cell, and the
levels of the alt transcript were not significantly enhanced by
treatment of NBC-13 cells with PMA.

RT-PCR of limited numbers of cells. The detection of tran-
scripts in limited numbers of tumor cells in a direct lysis pro-
cedure allowed the evaluation of the distribution of the tax/rex
and alt transcripts in this cell population. Selected tumors were
3 to 5 cm in diameter, and gross tissue was completely replaced
by neoplastic cells. Suspensions of cells were derived from the
interior of the tumor mass by cutting fresh, decapsulated tis-
sues with scissors in phosphate-buffered saline supplemented
with actinomycin D. Cells were diluted to appropriate concen-
trations to yield fixed cell numbers in 1-ml aliquots and distrib-
uted into wells of a 96-well plate on ice. Cell numbers were
visually confirmed. The cells were lysed by the addition of 9 ml
of 0.025% Nonidet P-40 (Sigma), 2 mM dithiothreitol, and 1 U
of RNasin per ml, incubated on ice for 20 min, and frozen at
280°C. Lysates were thawed on ice, supplemented with 2 ml of
25 mM Tris-HCl (pH 8.3), 37.5 mM KCl, 1.5 mM MgCl2, and
1 U of DNase I per ml, and incubated for 15 min at room
temperature. Three microliters of 1 mM EDTA was added,
and the lysates were heated to 65°C for 10 min and chilled on
ice. After the addition of 10 ml of buffer containing 125 mM
Tris-HCl (pH 8.3), 187.5 mM KCl, 7.5 mM MgCl2, a 62.5 mM
concentration of each deoxynucleoside triphosphate, 5 mM
dithiothreitol, 2.5 U of RNasin per ml, 5 mM primer 39B2, 0.25
mM primer 39ACT2 (Table 1; Fig. 1), and 10 U of RT (Super-
script II; Life Technologies), samples were incubated for 1 h at
45°C followed by 10 min at 70°C. Negative controls received
the same mix prior to the addition of RT. cDNA preparations
were overlaid with a PCR mix containing 2 mM primer 59B1
and 0.1 mM primer 59ACT1 (Table 1) and amplified for 45
cycles with a 63°C annealing temperature. One microliter of a

FIG. 3. Quantitation of tax/rex transcript in NBC-13 cells. BglI- or HindIII-digested products of QC RT-PCR were subjected to electrophoresis and Southern
analysis with the X probe. The input of cellular RNA, in nanograms of poly(A)1 RNA, and competitor RNA, in femtograms of competitor, and the presence of RT
in reaction mixtures are shown above the autoradiographs. An arrow indicates the relative equivalence point. The molecular weight (mw) lane contains a 50-bp ladder
with an intense band at 350 bp. BglI digestion yields a 211-bp fragment from tax/rex transcript amplicons, and HindIII digestion yields a 206-bp band from tax/rex
competitor RNA amplicons.

TABLE 2. Quantitation of tax/rex and alt transcripts

Sample tax/rex alt

No. Typea Ratio
(fg/ngb)

Copy
no.c

Ratio
(fg/ng)

Copy
no.

1 PL 1 2 0.02 0.10
2 PL 0.5 1 0.008 0.04
3 PL 0.5 1 0.02 0.10
4 PL 0.5 1 0.004 0.02
5 PL 1 2 0.02 0.10
6 ML 0.1 0.2 0.00 0.00
7 ML 0.5 1 0.01 0.05
8 ML 1 2 0.02 0.10
9 ML 0.5 1 0.004 0.02
10 ML 0.1 0.2 0.004 0.02
11 ML 0.1 0.2 1 5
12 ML 0.5 1 0 0
13 ML 0.5 1 0 0
14 ML 2.5 5 0.01 0.05
15 ML 2 4 0.04 0.2
16 BL3* 50 100 50 250
17 NBC-13 1 2 50 250
18 NBC-131PMA 50 100 50 250

a PL PBMC, ML, or BLV-infected cells, BL3*, NBC-13, and NBC-13 with
PMA.

b Femtograms of competitor RNA equivalent to 1 ng of input RNA deter-
mined from twofold dilutions.

c Estimates of copy number per cell based on a theoretical yield of 500 fg of
mRNA per cell.
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1:100 dilution of the product of this PCR was reamplified with
nested primer pairs for either tax/rex (59TR1 and 39TR2; 2
mM), alt (59ALT and 39TR2; 2 mM), or b-actin (59ACTN1 and
39ACTN2; 0.1 mM; Table 1) for 35 cycles, and 20 ml was
subjected to electrophoresis and Southern analysis with the
oligonucleotide probe X or ACT (Table 1).

Figure 4 shows an example of the products from tax/rex
amplification of serial twofold cell dilutions. Only three of five
preparations of each dilution received RT. The number of cells
required to yield a consistent PCR signal in three of three
samples with RT was interpreted as containing, at least, a
single cell with tax/rex transcripts. This cutoff provides a con-
servative estimation of the numbers of positive cells within the
population. Signals obtained in fewer than three of three di-
lutions suggested that individual or few cells contained suffi-
cient transcripts for detection. This assay detected b-actin in
single tumor cells. Results for the five tumors tested ranged
from 1 cell in 30 (3.3%; sample shown in Fig. 4) to 1 in 250
(0.4%), with an average of 1 in 125 cells or 0.8%. In similar
assays the tax/rex transcript was limited to approximately 5% of
NBC-13 cells and present in single BL3* cells (Fig. 4). The alt
transcript was rarely detected in fewer than 100 tumor cells
(not shown) but was readily detected in single NBC-13 or BL3*
cells (Fig. 4).

The possibility that the positive cells present in the tumor
mass do not belong to the neoplastic pool cannot be excluded.
Such tumors do contain low levels of infiltrating T lymphocytes
as determined by immunohistology (6), but these cells have not
been found to be significant targets of BLV infection (32) and
are unlikely to be responsible for the signal observed in the
tumor cell preparations.

Further characterization of NBC-13 cells. BLV expression
in NBC-13 cells is restricted and can be induced with PMA
(24). Analysis of NBC-13 DNA revealed the presence of a

full-length provirus and one with a deletion of 4,620 bp be-
tween positions 2217 and 6837 (data not shown). The deletion
precludes the expression of tax/rex, but not singly spliced alt,
from this provirus.

Immunofluorescence assays of acetone/methanol-fixed prep-
arations of NBC-13 cells with monoclonal anti-BLV p24
(49G9) demonstrated the presence of a small number of virus-
expressing cells (Fig. 5A). Flow cytometric analysis of 10,000
methanol-fixed NBC-13 cells labelled with anti-p24 demon-
strated that 0.5% of this clonal cell line expressed BLV antigen
(Fig. 5C). Treatment of these cells with PMA stimulated the
expression of p24 in 20% of cells after 24 h (Fig. 5B and C).
Analysis regions included less than 0.04% of antibody controls.

The alt transcript is persistently expressed in NBC-13 cells.
The Rex amino terminus, deleted with the second exon in the
singly spliced alt transcript, includes an arginine-rich region
implicated in RNA binding and nuclear localization. The
HTLV-1 protein homolog p21X has been identified in tumor
cells and transformed cell lines (3, 35). p21X is localized in the
cytoplasm, and its HTLV-2 homolog has been demonstrated to
act as a dominant-negative inhibitor of Rex function (8, 29).
Considering that the Rex proteins of BLV and HTLV-1 are
functionally interchangeable (15), the BLV truncated Rex pro-
tein could also act as an inhibitor of Rex function. Such a
mechanism could explain the restricted BLV expression ob-
served in NBC-13 cells, and the ability to manipulate this
expression experimentally offers an in vitro model for the con-
trol of BLV expression.

The work presented here addresses the long-standing para-
dox of pathogenesis in BLV and HTLV-1: the paucity of ex-
pression of virus. While much effort has been expended to
define the oncogenicity of proteins encoded by these viruses,
evidence for significant levels of virus expression during dis-
ease progression is lacking. While it remains clear that BLV

FIG. 4. RT-PCR of limited numbers of BLV-infected cells. Twofold serial dilutions of cells were lysed and subjected to RT-PCR for BLV or b-actin transcripts.
The actual numbers of cells in dilutions under 50 were confirmed visually and varied by no more than three cells. (A) Five samples at each dilution of ML cells were
tested for tax/rex transcripts, two without and three with RT enzyme. The products of nested primers, 59TR1 and 39TR2, are 241 bp. (B) Samples were the same as
in panel A but were amplified with nested b-actin primers 59ACTN1 and 39ACTN2, which yield a 165-bp product. (C) RT-PCR of lysates from serial twofold dilutions
of NBC-13 cells with tax/rex-specific primers 59TR1 and 39TR2 (241 bp) or alt specific primers 59ALT and 39TR2 (89 bp). (D) Amplification of two BL3* cells as
described for panel C. Southern blots were hybridized with X probe or actin probe (Table 1).
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expression in vivo is limited, the results demonstrate the con-
tinued presence of X region transcripts in significant numbers
of cells. The tax/rex transcript was present at levels approxi-
mating 0.2 to 5 copies per cell in PL PBMC and ML cells, and
detection of this transcript in limited numbers of tumor cells
indicated expression in a minimum of 0.8% of cells. In light of
the estimates of copy numbers, the results suggest that these
cells actually contained hundreds of copies of the tax/rex tran-
script and could have contained functional levels of tax/rex
protein products. Limited virus expression was also observed in
NBC-13 cells, and these results demonstrate that variation in
BLV expression exists in cloned cell populations. This selective
viral gene expression was further demonstrated in NBC-13
cells by immunofluorescence. The mechanism whereby viral
gene transcription is restricted to a subpopulation of clonal
cells is unknown. A possible distinction of these cells is their
position in the cell cycle. BLV expression has been shown to be
cell cycle dependent in FLK-BLV cells (45) and associated

with the induction of cell division by PMA in NBC-13 cells
(24). BLV transcription could also be associated with apopto-
sis.

A product of translation of the tax/rex transcript, p34 Tax,
has the demonstrated capacity to affect cell function. It facili-
tates the activation of cyclic AMP response element-binding
protein (CREB) to transactivate viral gene transcription (4, 13,
26, 51, 53). Tax has immortalization potential in cell culture
(50, 51) and activates the transcription of cellular genes via
CREB (26). The HTLV-1 Tax protein, in addition to the trans-
activation of viral gene transcription via CREB, can activate or
repress the transcription of cellular genes involved in the con-
trol of cell proliferation (2, 17, 21, 46), DNA repair (22), tumor
suppression (5), and apoptosis (47), induce cell division by
interacting directly with proteins, such as p53 (36, 37),
p16INK4a (44), and cyclin D (33), and disrupt the mitotic check-
point by binding to human mitotic arrest-defective protein 1
(25). The loss of this checkpoint allows the premature onset of

FIG. 5. Indirect immunofluorescence staining of NBC-13 cells. (A) Photomicrograph of a rare positive cell, stained with a monoclonal antibody for BLV p24 and
goat anti-mouse immunoglobulin G-fluorescein isothiocyanate, prior to PMA treatment (magnification, 3600; Evans blue counterstain). (B) NBC-13 cells 24 h after
treatment with 10 nM PMA (magnification, 3600). (C) Flow cytometric analysis of NBC-13 cell preparations as described for panels A and B stained with a control
monoclonal antibody (Ab) or with anti-p24.
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anaphase and the development of karyotypic abnormalities
similar to those observed in malignancy. If the Tax protein of
BLV is capable of functions similar to that of HTLV-1, then it
has the capacity to promote proliferation and perturb host
chromosomal integrity. The evidence presented here shows
that the tax/rex gene of BLV is transcribed throughout infec-
tion in significant quantities in a minority of infected cells. The
interrelationship between selective viral gene expression and
BLV disease progression remains enigmatic.
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