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Abstract—In order to determine which cell supports BLV replication in experimentally infected
sheep, peripheral blood lymphocytes (PBL) were separated into purified B and T populations
by a panning technique. Our data demonstrate that viral replication takes place only in B
lymphocytes. However, PHA, a T cell mitogen, is necessary for BLV replication both in PBL
and enriched surface immunoglobulin bearing cells, whereas B cell mitogens have no effect on
viral replication. Altogether, these results suggest that BLV activation in enriched B lymphocytes
is dependent on the presence of residual T cells, and occurs through a T cell interaction, probably
mediated by a soluble factor. This possibility was confirmed by the fact that the conditioned
medium from cultures of BLV-free sheep T lymphocytes greatly enhances viral production by
infected B lymphocytes. Our data favor the hypothesis that BLV multiplication occurs through

the regular activation mechanisms of the immune system.

INTRODUCTION
THE bovine leukemia virus (BLV) is an exogenous
retrovirus [1] that induces enzootic leukosis in
cattle. All infected animals develop BLV specific
antibodies, but only 30% develop a persistent lym-
phocytosis (PL) and 5% a lymphosarcoma [2]. In
any case, viral production is not evidenced unless
PBL or tumoral cells are put in short term culture.
Moreover, only the B lymphocytes were dem-
onstrated to support viral replication [3]. PHA
generally greatly increases the rate of virus pro-
duction, that may however occur in absence of
this mitogen. Experimentally, BLV is infectious for
sheep [4], which develop a lymphosarcoma with a
high frequency in a relatively short time and exhi-
bit a high titered antibody response against BLV
antigens [5]. The present work aimed at studying
which cell supports viral replication in infected
sheep. In this species, we demonstrate that virus
production takes place in the B lymphocytes [6],
occurs only in the presence of PHA and involves
the presence of T cells or of a T cell-released
factor. As recent studies emphasize the common
functional and structural features between BLV
and the human lymphotropic retroviruses HTLV-
I, II and III [7], the ovine system may therefore
constitute a good experimental model for the virus-

induced lcukemias of the BLV-HTLYV group.
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MATERIALS AND METHODS

Animals

Fifteen Prealpine 6-month-old sheep were inocu-
lated intraperitoneally with 5.107 lymphocytes
from a BLV-positive cow with PL and five animals
were used as control. At the time of this study, all
animals were 36 months old and the infected sheep
had a peripheral leukocyte count from 7000 to
120,000 cells/mm?, with a differential lymphocyte
count from 60 to 90%, consisting mostly of surface
immunoglobulin bearing cells (SIg+). The control
contact sheep remained clinically and hem-
atologically normal (5000-10,000 leukocytes/
mm?, with 55-65% lymphocytes) and negative for
the presence of anti BLV antibodies.

Lymphocyte preparation

Venous blood was defibrinated on glass beads
and the lymphocytes were isolated by the Ficoll
technique after carbonyl iron incubation for mon-
ocyte depletion. After two washes in phosphate
buffer serum (PBS), the cells were adjusted at
2.10%/ml in RPMI 1640 medium with 10% heat
inactivated fetal calf secrum (FCS) and 16 mM
hepes buffer.

Lymphocytes markers

(1) Surface immunoglobulin (SIg). B lym-
phocytes were characterized by the presence of
SIg in a direct immunofluorescence (IF) test. The
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peripheral blood lymphocytes (PBL) (1.10%) were
washed in PBS and suspended in 50 pl of a 1: 30
dilution of a fluorescein conjugated rabbit anti-
sheep immunoglobulin antiserum (Nordic). After
a 30-min incubation at 4° C, the cells were washed
three times with PBS in a refrigerated centrifuge
and the preparation was examined by fluorescent
microscopy. Percentage of SIg+ cells was estab-
lished by counting at least 200 cells.

(2) PNA-binding cells.  Cells (1.10%) in 50 pl
of PBS were reacted with 10 ul of a 1 mg/ml
solution FITC-labelled PNA (Vectors lab.) for 30
min at 4° C. The cells were washed three times
by centrifugation in the same medium and the

differential count established by counting at least
200 cells.

Panning separation of B and T lymphocytes

The method was adapted by Wysocki and Sato
[8]. Sterilin 100 X 15 mm polystirene  bac-
teriological Petri dishes were precoated by over-
night incubation at 4° C with 10 ml of 0.250 mg/
ml immuno-absorption purified preparation of
goat anti sheep heavy and light chains immuno-
globulins (Biosys Laboratory, France). Before use,
the plates were washed three times with PBS and
received 10 ml of a 10.10° cells/ml lymphocyte
suspension. After a 30-min incubation at room
temperature, the non-adherent cells were resus-
pended by swirling and pipetted off. The plates
were then washed 5 times with PBS to remove
residual non-adherent cells. These non-attached
cells were given a second cycle of incubation onto
another precoated plate and similarly processed.
Finally the adherent cells of all plates were reco-
vered by vigorous pipetting with PBS. The non-
adherent and adherent subpopulations were
washed and adjusted at 2.10° cells/ml and cul-
tivated in RPMI 1640 with 10% fetal calf serum.
Phytohemagglutinin-P (PHA)  (Difco), lipo-
polysaccharaide (LPS) from §. ¢yphosa (Difco) or
dextran sulfate 500 (DS-500), were added at vari-

ous concentrations in the culture medium.

Conditioned medium (CM)

After panning separation of PBL from a BLV
negative sheep, non-adherent T cells were har-
vested and cultivated in presence of 50 pg/ml of
PHA. Two days later, the culturc was spun down
(2000 g, 15 min) and the supernatant filtered and
used as culture medium after dilution with an

equal amount of RPMI 1640 with 10% FCS.

BLV-antigens detection

Aliquots of 50 pl of the cell suspension were
cytocentrifuged, the slides air dried and acetone-
fixed. BLV-antigens were detected by an indirect

immuno-fluorescence (IF) test, using 50 pl of a
mixture of eight monoclonal anti BLV gp51 anti-
bodies [9] and an FITC-conjugated rabbit ana
mouse antiserum. As control, BLV negative cells
were tested in the same assay.

Mitogen-induced proliferation

One hundred microlitres of cells at 2.10%/ml
were cultured with 100 pl of a 50 pg/ml solution
of either PHA or LPS, in 96-well flat bottom
Falcon tissue culture plates for 48 hr, were pulsed
for the last 18 hr of culture with 0.5 wCi methyl-
H3-thymidine (specific activity = 5uCi/mmol.
Amersham), were harvested onto filter papers
{Dynatech cell harvester, Flow laboratories) and
the radiocactivity was counted in a béta counter
(béta scintillation spectrophotometer, Inter-
technique France). Triplicate cultures were pro-
cessed as described. The results are expressed as
the mean radioactivity in counts per minute (cpm)
or as stimulation indices (SI = cpm in presence of
mitogen/cpm in absence of mitogen).

RESULTS

In all infected animals, virus expression,
revealed by IF with anti-BLLV gp51 monoclonal
antibodies, was evidenced after short term culture
of peripheral blood lymphocytes (PBL) and in
presence of a minimal dose of 50 pg/ml of PHA
(Table 1). The LPS or the dectran sulfate 500
had no effect on virus production. BLV could be
detected as soon as 6 hr after the onset of the
culture with PHA, and was maximal between 24
and 48 hr. Under the same culture conditions, all
control uninfected animals remained negative for
the presence of BLV antigens. In order to deter-
mine which lymphocyte population supported the
virus replication, ovine B and T lymphocytes were
separated by panning on anti-ovine immuno-
globulin coated plates. Such a procedure allowed
a recovery of 93% purc surface immunoglobulin
bearing cells (SIg+) in the adherent population
(Table 2) whereas, fluorescein conjugated peanut
agglutinin (PNA), a T cell marker [10], labelled
very few cells in the same population. Inverscly,
the non-adherent cells were highly labelled by
PNA and had a minimal contamination by SIg+
cells (0—4%). As no potent and specific monoclonal
antibody against ovine T lymphocytes was avail-
able, the depletion of residual T lymphocytes in
the SIg+ population was not possible. However
under optimal culture conditions, i.c. in the pres-
ence of 50 pg/ml of PHA and 48 hr culture at
37° C and 5% CO,, only the adherent Slg+/PNA-
subpopulation expressed BLV antigens (Table 3).
The non-adherent SIg—/PNA+ subset remained
persistently ncgative. The same results were
obtained for all 15 infected animals, thus dem-
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Table 1. BLV antigen detection in 48 hr lymphocyte cultures

LPS Dextran
{ng/ml) (pg/ml)
50 75 10 50 100 40

PHA
Sheep Medium (mg/mi)
1 10 25
Infected
1 j— — - ——
2 - —_— j— —
3 - - - -
Control
4, — — - —
5 - - - —

+ o+ - - - -
+ o+ - = = -
+ 4 - - - -

Table 2.  Percentage of Slg+ and PNA+ lymphocytes before
and after panning separation

Sheep 1 Sheep 2 Sheep 3

Cells SIg PNA SIg PNA SIg PNA
PBL 79 20 51 38 59 24
A cells 9% 3 9 2 9 3
NA cells 2 85 4 86 0 79

Table 3. Detection of BLV gpd1 in peripheral blood lym-
phocytes (PBL) and in the adherent (A) and non-adherent (NA)
subpopulations after panning

PHA PHA

- Bug/ml Sopgml oM
PBL - - + +
A cells - - + +++

NA cells

PBL = peripheral  blood  lymphocytes, A = adherent,
NA = non adherent cells.

onstrating that in the ovine as in the bovine system,
only the B lymphocytes support the BLV repli-
cation. This assumption can be made even though
the panning technique never ended up with a
100% pure SIg+ population. In fact, the possi-
bility of an overgrowth of residual T cells (SIg—/
PNA+) wn the adherent population was very
unlikely based upon the demonstration that the
percentage of SIg+ cells remained unchanged after
48 hr culture (always > 95%) (data not shown),
and that no cell proliferation was observed after a
48 hr PHA stimulation (Table 4). On the other
hand, the non-adherent cells kept their whole pro-
hiferative potentialities by responding as expected
to this mitogen. Similarly, the adherent cells
showed a good proliferative activity after LPS
stimulation but no virus expression was ever
observed. It thus may be concluded that BLV
expression i1s not merely linked to the host cell
multiplication. It may appear controversial that
BLV replication is observed in the ovine B lym-
phocytes only after a stimulation by PHA, a T cell
mitogen. Such virus induction through a B cell
polyclonal activation by PHA seems very unlikely,
especially because polyclonal B cell activators such
as LPS or Dextran-sulfate-500 had no such effect
{Table 1). On the contrary, BLV production may
be rclated to the persistence after panning of a
minor subset of PHA-responsive T cells in the
adherent population that would induce virus
expression by the Slg+ cells. In fact, virus pro-

Percentage of IF positive cells was comprised between 5 to
15% (+), 15 10 25% (++), or 25 1o 40% (+++).

Table 4.  Mitogen-induced proliferation. Results are expressed
in cpm and, between parenthesis, stimulation indices (cpm in
presence of mitogen/cpm in absence of mitogen)

Cells — PHA LPS
PBL 3869 5870 9685
(1.52) (2.50)
A cells 4236 5158 17973
(1.21) (4.24)
NA cells 4489 26207 3920
(5.84) (0.87)

duction was less abundant after PHA stimulation
in the SIg+ cells as compared to the whole lym-
phocyte population (Table 3). Altogether, these
results suggest that BLV activation in the ovine B
lymphocytes occurs through a T cell interaction.
The possibility for this phenomenon to be mediated
by a soluble factor was substantiated by the dis-
covery that the conditioned medium (CM) from
cultures of BLV-free sheep T lymphocytes was
able to promote the BLV expression in both
infected PBL and B cells (Table 3). As the CM
was diluted 1:1 with fresh culture medium, the
dosc of residual PHA was not sufficient to activate
the BLV expression (Table 3). PBL exhibited the
same level of virus production when cultured in
presence of either PHA or CM, whereas purified
B lymphocytes showed higher amounts of BLV
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positive cells in presence of CM. It is noteworthy
that in any case, the percentage of virus producing
cells was never more than 40%, even in the
enriched SIg+ population. It thus may be con-

cluded that only a subset of the B lymphocyte -

population is able to express BLV antigens, even
under a direct stimulation by the CM.

DISCUSSION

Our results demonstrate that the B lymphocytes
support viral replication in BLV-infected sheep.
This is corroborated by the increase in the num-
ber of B lymphocytes in the leukemic form of the
disease (manuscript in preparation), confirming
data from Takashima and Olson [11]. However
viral expression in peripheral lymphocytes is
dependent on the presence of PHA, a T cell
mitogen. The B cell mitogen, LPS, may activate
only a subpopulation of B cells. As BLV-positive
cells in IF also constitute a portion of ovine B cells,
the possibility remained that the LPS-activated
lymphocytes were not the BLV-producing cells.
The dextran sulfate 500, another polyclonal B cell
activator, had similarly no effect on virus
production. This contrasts with the results
obtained in mice where LPS was demonstrated to
induce the release of endogenous xenotropic type
C RNA virus from Balb/c spleen cells [12]. Our
results on purified lymphocyte populations favor
the hypothesis that a T cell soluble factor released
after PHA stimulation induces the BLV expression
in ovine B lymphocytes. It would be .extremely
important to study the role of this postulated factor
on 100% pure B cells, situation where no viral
expression at all under PHA stimulation is
expected. And in fact, we commonly observed a
relative decrease of BLV positive cells in the PHA-
stimulated enriched SIg+ cell population as com-
pared to the whole blood lymphocytes. On the
contrary, an increase in BLV+ cells was found
after culture of SIg+ cells in presence of CM.
These data confirm a recent report [13] in the
bovine system, where PHA was demonstrated to
enhance BLV replication independently of cell pro-
liferation. However the role of an eventual lym-
phokine was ruled out by these authors on the
basis of the small number of residual rosette for-
ming cells (5-7%) in a purified B lymphocyte
population, and the fact that BLV production
occurred before detectable levels of lymphokines
are generally detected. It remains however possible
that such a factor, immediately produced after
PHA stimulation, is rapidly used by the responsive
population, before rcaching a detectable level. It
is interesting to note that for the induction of BLV
expression in the bovine system, the optimum dose
of PHA concentration was reported to be 1.5 png/
ml [13]. In the ovine system and using an IF test

for BLV antigen detection, no virus expression was
observed unless a 50 pg/ml concentration of PHA
was used. Such an apparent discrepancy may be
related either to the different species under study
or/and to the different origin of PHA preparations.

After antigen or mitogen activation, T lym-
phocytes produce several factors, categorized as B
cell stimulating factors (BCGF, BCDF) which have
activities in B cell activation and proliferation [14].
Such lymphokines probably also exist in the ovine
system, and may be responsible for the activation
of ovine B lymphocytes and possibly also for BLV
expression. BLV as HTLVs possesses an
additional gene named pX, the product of which
is found to amplify but not initiate the viral gene
transcription [7, 15]. Such a mechanism, likely to
exist in BLV infected ovine lymphocytes, would
contribute to the enhancement of viral replication.
The postulated cell factor released after PHA
stimulation would be able to initiate the viral rep-
lication. The cellular mechanism involved in the
induction of BLV expression in sheep B cells is
not understood. It may involve the triggering of a
cell gene activation program which may also act
on the provirus or its enhancer. In this regard, it
is noteworthy that the BLV enhancer showed the
greatest homology with the mouse immunoglobulin
heavy chain gene (Cu) enhancer, which functions
in a B cell specific manner [16]. On the other hand,
it was demonstrated that the activation signals to
the T cells are transmitted via the T3 peptide
associated with the T cell receptor [17]. PHA that
specifically binds to this peptide [18], triggers a
polyclonal activation of resting T’ cells. So, we may
propose that, in vive, any antigen after fixation to
its specific T cell receptor induces, by the same
mechanism, an activation of the responsive T cell
clones that start producing soluble(s) factor(s)
active on the corresponding specific B-cell clones
in presence of the corresponding specific antigen.
If this B clone was infected with BLV, the viral
replication could be triggered. Such a mechanism
involving a limited number of specific clones,
would give rise to a very low level of BLV
production, undetectable by common tests, but
would account for the in wvivo presence of high
levels of viral antibodies. Our results suggest that
multiple rounds of antigenic stimulation in vivo
resulting in infection with various microorganisms
or exposure to different agents (castration of BLV
infected sheep leads to tumoral development [2])
may promote BLV expression and spread. If the
transacting factor involved in enhancing proviral
replication 1s implicated in activation of cellular
oncogenes, the immunological activation of the
proviral genome may lead to the tumoral devel-
opment.

Despite a different cell tropism for BLV and
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HTLV (B cells for BLV and T cells for HTLV),
the replication pattern of these viruses presents
many similitudes. It is noteworthy that upstrcam
from the IL2 gene and a segment of the HTLV
III/LAV LTR. Thus it has been postulated that
homologous regions are common sequences
involved in recognition of immunologic activation
signals. Zagury el al. [19] proposed that in vivo,
antigenic stimulation of an infected T cell results
in HTLV III/LAV release, T4+ cell death, spread
of the virus and ultimately an immunodeficiency

syndrome. The pathological mechanism in BLV
infection differs from the latter by the fact that
BLV activation leads not to the cell death but to
cell transformation.

Thus, BLV and HTLV III/LAV seem to usc
for their own replication and spreading the regular
activation circuitry of the immune system.

Acknowledgements—We arc indebted to Professor A. Burny
for his generous gift of monoclonal antibodies, and Doctor S.
Gisselbrecht for helpful discussions. We gratefully acknowledge
P. Marchand for skillful technical assistance.

10.

1.

12.

13.

14.

15.

16.

17.

18.

REFERENCES

. Kettman R, Portetelle D, Mammerickx M, Cleuter Y, Dekegel D, Galoux M, Ghysdael

J, Burny A, Chantrenne H. Bovine leukemia virus: An exogenous RNA oncogenic virus.
Proc Natl Acad Sci 1976, 73, 1014-1018.

. Burny A, Bruck C, Chantrenne H, Cleuter Y, Dekegel D, Ghysdael J, Kettman R,

Leclercq M, Leunen J, Mammerickx M, Portetelle D. Bovine leukemia virus: Biology
and epidemiology. In Klein G, ed. Viral Oncology. New York, Raven Press, 1980, 231-289.

. Paul PS, Pomeroy KM, Johnson DW, Muscoplat CC, Handwerger BS, Soper FF,

Sorensen DK. Evidence for the replication of bovine leukemia virus in the B lymphocytes.
Am J Vet Res 1977, 38, 873-876.

. Olson C, Miller LD, Miller JM, Hoss HE. Brief communication: Transmission of

lymphosarcoma from cattle to sheep. J Natl Cancer Inst 1972, 49, 1463-1467.

. Kenyon J, Ferrer JF, McFeely RA, Graves DC. Induction of lymphosarcoma in sheep

by bovine leukemia virus. J Natl Cancer Inst 1981, 67, 1157-1163.

. Djilali S. Contribution 4 I’étude de linfection du mouton (ovis aries) par le virus

leucémogéne bovin (BLV): conséquences pathologiques de linfection expérimentale;
nature de la cellule réceptrice. Thése de Doctorat de 3¢me Cycle, 1985, Université Paris
6

. Haseltine WA, Sodroski S, Patarca R, Briggs D, Perkins D. Structure of 3’ terminal

region of type II human T lymphotropic virus: Evidence for new coding region. Science
1984, 225, 419-421.

. Wysoki LJ, Sato VL. “Panning” for lymphocytes: A method for cell selection. Proc Nat!

Acad Sci 1978, 75, 2844-2848.

. Bruck C, Mathot S, Portetelle D, Berte C, Franssen JD, Herim P, Burny A. Monoclonal

antibodies define eight independent antigen regions on the bovine leukemia virus (BLV)
envelope glycoprotein gp51. Virology 1982, 122, 342-352.

Fahey KJ. Peanut agglutinin: A marker of presumptive T lymphocytes in sheep. IRCS
Med Sci 1980, 8, 266-270.

Takashima I, Olson C. Bovine leukosis virus in sheep, lymphocytes modification and
surface immunoglobulin bearing cell numbers. Vet Microbiol 1980, 5, 1-12.

Phillips SM, Stephenson JR, Greenberger JS, Lane PE, Aaronson SA. Release of xen-
otropic type C RNA virus in response to lipopolysaccharide: activity of lipid-A portion
upon B lymphocytes. J Immunol 1976, 116, 1123-1128.

Chatterjee R, Gupta P, Kashmiri SVS, Ferrer JF. Phytohemagglutinin activation of the
transcription of the bovine leukemia virus genome requires de novo protein synthesis. J
Virol 1985, 54, 860-863.

Miedema F, Melief CJM. T-cell regulation of human B-cell activation. A reappraisal of
the role of interleukin 2. Immunology Today 1985, 6, 258-259.

Rosen CA, Sodroski JG, Kettman R, Haseltine WA. Activation of enhancer sequences
in type Il human T-cell leukemia virus and bovine leukemia virus long terminal repeats
by virus-associated trans-acting regulatory factor. J Virol 1986, 57, 738-744.

Sagata N, Yasumaga T, Ogawa Y, Tsuzuku-Kawamura J, Ikawa Y. Bovine leukemia
virus: Unique structural features of its long terminal repeats and its evolutionary relation-
ship to human T-cell leukemia virus. Proc Natl Acad Sci 1984, 81, 4741-4745.
Tsoukas CD, Valentine M, Lotz M, Vaughan JH, Carson DA. The role of the T3
molecular complex in antigen recognition and subsequent activation events. Immunology
Today 1984, 5, 311-313.

Valentine MA, Tsoukas CB, Rhodes G, Vaughan GH, Carson DA. Phytohemogglutinin
binds to the 20-KDa molecule of the T3 complex. Fur | Immunol 1985, 15, 851-854.

. Zagury D, Bernard J, Leonard R, Cheynier R, Feldman M, Sarin PS, Gallo RC. Long-

term cultures of HTLV-III-infected T cells: A model of cytopathology of T-cell depletion
in AIDS. Science 1986, 231, 850-853.



