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Cattle lymphocytes cultured for 3 days were found to spontaneously incorporate
thymidine (3STI). Under optimal conditions of culture, the median magnitude of
3STI activity in lymphocytes from bovine leukemia virus (BLV)-infected cattle
was higher than that of BLV-free cattle, but the ranges of the values overlapped.
However, the 3STI activity of most BLV-infected cattle was specifically inhibited
by serum containing BLV antibodies, whereas the 3STI activity of BLV-free
cattle was not. The 3STI inhibitor copurified with immunoglobulin, and its
activity could be absorbed with BLV. Rabbit anti-BLV serum inhibited 3STI,
but rabbit anti-BLV p25 did not. These results indicate that BLV infection
induces or expands a BLV-specific lymphocyte population. Spontaneous blasto-
genesis may be indicative of an immune response which controls virus spread.

The adult or enzootic form of bovine lympho-
sarcoma is the most frequent malignancy of do-
mestic cattle (6). It is caused by bovine leukemia
virus (BLV) (6). BLV is a type C retrovirus that
is found in many cattle, but it is probably not
endogenous to the bovine species (6, 8, 17). BLV
also causes persistent lymphocytosis, an appar-
ently benign condition of cattle (6). Most BLV-
infected cattle do not develop lymphosarcoma
or persistent lymphocytosis; i.e., they are usually
asymptomatic virus carriers. Whether BLV-in-
fected cattle develop lymphosarcoma or persist-
ent lymphocytosis seems to be genetically deter-
mined (10). BLV appears to infect only the
lymphocytes of cattle (8), but the BLV-infected
lymphocytes synthesize virus particles and viral
antigens only after in vitro cultivation (1).

Spontaneous thymidine incorporation after 3
days in culture (3STI) has been reported to
occur in cultures of blood lymphocytes taken
from cattle with lymphosarcoma (26) or persist-
ent lymphocytosis (20, 25). Recently, we re-
ported that spontaneous blastogenesis occurs in
cultures of blood lymphocytes taken from BLV-
infected cattle without lymphosarcoma or per-
sistent lymphocytosis (2, 15). Data obtained by
Kenyon and Piper (16) suggest that the blasto-
genic lymphocytes are not infected with BLV.
Kenyon (Ph.D. thesis, University of Pennsylva-
nia, Philadelphia, 1976) has also found that the
blastogenic activity of lymphocytes from cattle
naturally infected with BLV can be inhibited by
serum from other BLV-infected cattle. Recently,

Takashima and Olson (23) have reported that
inhibitable blastogenic activity can be induced
in cattle by experimental infection with BLV.
However, their study involved only three in-
fected cattle, and the virus inoculum was derived
from a cell line known to produce both BLV and
bovine viral diarrhea virus. They also did not
show that the inhibition was specific for BLV-
infected cattle. Thus, it is not clear from the
previous reports whether spontaneous blasto-
genesis was associated with BLV infection, an-
other infection, or a lymphoproliferative disease.
To determine whether blastogenic activity
was due to BLV infection, we optimized the
conditions for inducing 3STI activity and ana-
lyzed the 3STI activity of cattle carefully
screened for BLV infection and other common
infestations or lymphoproliferative conditions.

MATERIALS AND METHODS

Animals. Cattle naturally infected with BLV were
selected from the Jersey herd BF, Guernsey herds BI
and BH (7), and a commercial Holstein herd M. Only
cows older than 36 months were used.

Preparation of peripheral blood lymphocytes.
Heparinized blood (Panheparin, Abbot Laboratories,
North Chicago, Ill; 1 to 4 U of Panheparin per ml of
blood) was centrifuged at 750 X g for 25 min at 15°C.
The plasma was removed, and the buffy coat was
collected and suspended in minimal essential suspen-
sion medium (GIBCO Laboratories, Grand Island,
N.Y.) supplemented with 100 U of penicillin per ml
and 100 ug of streptomycin per ml (minimal essential
suspension medium). The buffy coat cells from 10 ml
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of blood were suspended in 7 ml of minimal essential
suspension medium. Each 7 ml of cell suspension was
layered over a mixture of 2.0 ml of Lymphoprep (Nye-
gaard & Co., Oslo, Norway) and 2.0 ml of Lympholyte
M (Accurate Scientific Co., New York, N.Y.) in a 12-
ml siliconized conical tube. The tubes were centrifuged
at 400 X g (interface force) for 25 min at 15°C. The
interface bands were collected and washed (250 X g
for 6 min) at least twice. To reduce platelet contami-
nation, occasionally as many as five centrifugations
were done. The resulting cell suspensions were about
95% lymphocytes (as identified by differential staining
of cell smears) with a viability of 99%. The recovery of
lymphocytes from blood was 70 + 25% (mean + stand-
ard deviation, n = 40).

Viable lymphocytes were counted as either erythro-
sin B-excluding (24) or fluorescein diacetate-incorpo-
rating cells (21). Fluorescein diacetate was dissolved
in 1 mg of acetone per ml and stored for up to 1 month
at 4°C. Ten microliters was added to 100 pl of cell
suspension. The cells were counted in a standard he-
macytometer by a combination of incident fluorescent
excitation (fluorescein isothiocyanate filters) and
transmitted tungsten light.

Lymphocyte cultures. Lymphocytes were cul-
tured in minimal essential suspension containing 10%
serum, unless otherwise indicated. All sera were
heated at 56°C for 45 min. Except where noted, 10°
viable cells in a total volume of 0.6 ml were cultured
in polystyrene tubes (12 by 75 mm) for 70 h in a CO.
incubator at 37°C. Viable cell recovery was 26 + 19%
(mean + standard deviation, n = 98). At 16 h before
the termination of the culture, 0.1 ml of [*H]thymidine
(20 uCi/ml; [methyl-*H]thymidine, 5 Ci/mmol; Amer-
sham Corp., Arlington Heights, Ill.) was added. Sam-
ples were harvested with a semiautomated cell har-
vester, dried, immersed in 3 ml of scintillation fluid,
and counted in a Packard Tri-Carb scintillation
counter. The coefficient of variation (standard devia-
tion divided by the mean) of the counts per minute for
144 samples was 15%. The coefficient of variation for
repeated tests of the same animal was 23%.

Serological tests and sera. Antibodies to the
foamy-like bovine syncytial virus (BSV) were detected
by immunofluorescence with acetone-fixed bovine
syncytial virus-infected cells as described elsewhere
(5). Virus-neutralization tests for antibodies against
bovine viral diarrhea virus, parainfluenza 3, and infec-
tious bovine rhinotracheitis virus were performed by
the diagnostic laboratories at Pennsylvania State Uni-
versity and Cornell University.

BLV antibodies were detected by radioimmunoas-
say by use of BLV major internal (p25) or envelope
glycoprotein (gp) virion antigens (4, 19).

BLV antibody-positive serum SR124 was drawn
from BF138. Control serum SR3153 was drawn from
BI594. The radioimmunoassay titers for BLV p25 and
gp antibodies in SR124 serum were greater than 1:
10,000, whereas SR3153 serum was negative in both
radioimmunoassay tests at a 1:5 final dilution. Cul-
tured lymphocytes from BI594 were negative in a
syncytium induction test (9) and in a competitive
radioimmunoassay with radiolabeled p25 (19). Both
SR124 and SR3153 sera were negative for bovine viral
diarrhea virus, infectious bovine rhinotracheitis virus,
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and parainfluenza antibodies.

A rabbit antiserum against whole BLV was pre-
pared by the intradermal inoculation of density-gra-
dient-purified BLV. The virus was isolated from cell
line BLV-bat, clone,, which is free of other known
bovine viruses and adventitious agents (9). The pro-
cedure used to prepare the rabbit anti-BLV p25 serum
has been described (12).

For absorption, serum was diluted 1:2 in phosphate-
buffered saline, and 2 ml was mixed with 1.0 mg of
purified BLV. About 1 ml of the mixture was sonicated
(model W-22F; Heat Systems-Ultrasonics, Inc., Plain-
view, N.Y.) for a total of 2 min at a setting of eight.
Both the untreated and the sonicated mixtures were
centrifuged at 10,000 X g for 60 min. The supernatant
fluid was carefully removed and used.

Serum fractionation. Two methods were used to
fractionate sera, ammonium sulfate precipitation and
immunoadsorbents. For method 1, 1 volume of BLV
reference serum was mixed with 2 volumes of satu-
rated ammonium sulfate, pH 6.5, and stirred for 4 h at
20°C. The precipitate was collected by centrifugation,
suspended, and dialyzed against 0.01 M phosphate
buffer, pH 7.8. This material was passed through a
diethylaminoethyl cellulose column equilibrated with
the same buffer. Fractions were collected, pooled, and
concentrated by vacuum dialysis. For method 2, Affi-
gel-10 (Bio-Rad Laboratories, Richmond, Calif.) was
conjugated with bovine immunoglobulin (Sigma
Chemical Co., St. Louis, Mo.) in 0.1 M NaHCO; as
described by the Bio-Rad instructions. The conjugated
gel was washed with 0.58% (vol/vol) glacial acetic acid
in 0.15 M NaCl and finally with 0.15 M NaClL

Rabbit anti-bovine immunoglobulin G (Miles Lab-
oratories, Inc., Elkhart, Ind.) was passed through the
column, and the bound material was eluted with 0.58%
(vol/vol) glacial acetic acid in 0.15 M NaCl. The eluted
material was precipitated with 33% saturated ammo-
nium sulfate, suspended, and dialyzed against 0.1 M
NaHCOs. This material was then coupled to Affigel-
10, as described above, and washed with the glacial
acetic acid solution and finally with 0.15 M NaCl.

BLV antibody-positive serum SR124 was diluted
with an equal volume of 0.15 M NaCl passed through
the Affigel-10-rabbit anti-bovine immunoglobulin G
immunoadsorbent. The column was washed with 0.15
M NaCl, and the bound material was eluted with
glacial acetic acid solution. The eluted material was
dialyzed against 1,500 volumes of minimal essential
suspension medium.

Detection of immunoglobulin was done either by
immunodiffusion in agar with commercially prepared
immunoglobulin (Sigma Chemical Co.) or quantita-
tively with a commercial radial immunodiffusion kit
(Miles Laboratories, Inc.). Protein concentrations
were estimated by the Bio-Rad protein assay reagent
and by absorbance at 260 and 280 nm.

RESULTS

Optimal conditions for assessment of
spontaneous blastogenesis. Cattle peripheral
blood cells were cultured in the presence of fetal
or adult bovine sera. The 3STI activity was
highest with certain sera from BLV-free cattle
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and certain fetal bovine sera (FBS). Titrations
of one lot of FBS and two adult bovine sera are
shown in Fig. 1. The 3STI activity was highest
in the presence of 3% FBS or 3 to 10% BLV
antibody-negative serum SR3153. There was no
significant response in the presence of BLV an-
tibody-positive serum SR124. For many, but not
all, cattle, the 3STI activity was consistently
higher with 3% FBS than with any concentration
of serum from BLV-free cattle. Cell recovery
was better at serum concentrations greater than
2%. Autoradiography showed that more then
50% of the thymidine-incorporating cells were
blastoid. The 3STI activity was completely in-
hibited by incubation of the lymphocytes before
culture with 30 ug of mitomycin C per ml for 30
min at 37°C.

The dependence of 3STI activity on cell con-
centration is shown in Fig. 2. The maximal 3ST1
activity was seen in the range 1 X 10 to 3 x 10°
cells per tube, and it was much reduced at rela-
tively small deviations from this range. The op-
timal range for 3STI activity in microtiter plates
was 0.3 X 10° to 1 x 10°. However, the incorpo-
ration per cell cultured was three to five times
higher in tube cultures than in microtiter plate
cultures.

The kinetics of thymidine incorporation as
measured in 12-h intervals are shown in Fig. 3.
The incorporation shown in the first 12-h inter-
val was seen in cultures from three of five cows.
Another peak of incorporation occurred in the
interval of 60 to 72 h, the usual period for as-
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F16. 1. Dependence of 3STI activity on serum con-
centration. Lymphocytes were cultured for 72 h in
medium supplemented with the indicated concentra-
tions of serum. Symbols: B, FBS; O, BLV antibody-
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F16. 2. Dependence of 3STI activity on lymphocyte
concentration. The indicated number of lymphocytes
from one BLV-infected cow were cultured for 70 h
with BLV antibody-positive serum SR124 (O) or BLV
antibody-negative serum SR3153 (@).
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F1G6. 3. Kinetics of spontaneous thymidine incor-
poration. Multiple lymphocyte cultures were labeled
and harvested in each of the indicated 12-h intervals.
Cultures were incubated with BLV antibody-positive
serum SR124 (O) or BLV antibody-negative serum
SR3153 (@).

sessment of 3STI activity. As shown in Fig. 3,
thymidine incorporation in the 60- to 72-h period
did not occur in the presence of BLV antibody-
positive serum SR124.

Several other variables were tested for their
influence on 3STI activity: (i) 3STI activity was
slightly higher with minimal essential suspen-
sion medium rather than RPMI 1640; (ii) the
amount of thymidine incorporation was inde-
pendent of the thymidine concentration above
20 nmol (5 Ci/mmol) per 2 X 10° cells in 0.6 ml
of medium; (iii) higher-specific-activity (25 Ci/
mmol) [*H]thymidine made the test slightly, but
not proportionally, more sensitive; and (iv) 2-
mercaptoethanol had no effect on 3STI activity
at concentrations ranging from 1072 to 10~° M.

Figure 4 shows the distribution of thymidine
incorporation by lymphocytes from BLV-in-
fected and BLV-free cattle cultured 3 days under
optimal conditions with phosphate-buffered sa-
line. 3STI activity occurred in all cattle. There
seems to be a higher level of spontaneous blast-
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F1G. 4. Distribution of 3STI activity in BLV-in-
fected and BLV-free cattle. Lymphocytes from the
indicated groups of cattle were cultured for 72 h in
3% FBS. The bars indicate the median values. PL,
Persistent lymphocytosis.

ogenesis in lymphocytes from BLV-infected
than from BLV-free cattle, but the values over-
lap.

Inhibition of spontaneous thymidine in-
corporation. The 3STI activity of cells from
one BLV-infected cow ranged from 100 to 700
cpm in the presence of sera from 14 BLV-in-
fected cattle, including the serum from the lym-
phocyte donor, but the activity of the same cells
in the presence of nine sera from BLV-free cattle
was 17,500 to 26,800 cpm. The mean cell recov-
eries in the lymphocyte cultures with BLV an-
tibody-positive serum SR124 (21%) and with
BLV antibody-negative serum SR3153 (22%)
were not significantly different.

Correlation of 3STI activity with BLV
infection. From the coefficient of variation cal-
culated from all assays done with SR124,
SR3153, and autologous sera, inhibition of 3STI
activity by BLV antibody-positive serum in any
one test had to exceed 50% to be significant (P
< 0.025). Whether a given animal had consistent
evidence of inhibitable 3STI activity was deter-
mined by the Wilcoxon rank sign test (P <
0.025).

A total of 58 BLV-infected cattle were tested
at least three times for 3STI activity. Fifty cattle
(86%) had 3STI activity inhibitable by serum
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from BLV-infected cattle (Table 1). Cattle with
or without persistent lymphocytosis had inhibit-
able 3STI activity. Inhibitable 3STI activity was
not detectable in cattle that had a BLV p25 titer
less than 1:50, but the absolute amount of in-
hibitable 3STI activity did not correlate with
p25 or gp antibody titers. None of the 16 BLV-
free cattle (including 2 infected with BSV) tested
had inhibitable 3STI activity. None of the cattle
had antibodies diagnostic of bovine viral diar-
rhea virus, parainfluenza 3, or infectious bovine
rhinotracheitis virus infection or had clinical
signs of any disease.

Characterization of the inhibitor of 3STI
activity. Titration experiments were carried out
to determine the relative concentration of the
inhibitor of 3STI activity. All sera were mixed
with 3% FBS. A typical result is shown in Fig. 5.
BLYV antibody-positive serum SR124 showed in-
hibition even at a concentration of 0.03%. Inhi-
bition (relative to FBS alone) was also observed
with many, but not all (not shown), sera from
BLV-free cattle, but this inhibition was always
much weaker than that of BLV antibody-posi-
tive sera. Furthermore, the inhibition did not
exceed 50% even at concentrations of 50%. The
inhibition by serum from many BLV-free cattle
was observed even when the serum and lympho-
cytes were from the same animal. However, the
3STI activity of BLV-free animals was not in-
hibited by BLV antibody-containing serum any
more than by BLV antibody-free serum.

The specificity of the serum inhibitor was
further examined by absorption experiments. In-
cubation with purified BLV almost completely
removed the inhibitory activity of BLV anti-
body-positive serum (Table 2). Sonication of
BLV did not significantly change its absorption
capacity.

Antiserum prepared against whole BLV, but
not antiserum prepared against p25, had inhibi-
tory activity for the 3STI activity of BLV-in-
fected cattle (Table 3). The titers of both rabbit
antisera in the radioimmunoassay with p25 an-

TaBLE 1. Correlation between BLV infection and

inhibitable 3STI activity
. Inhibitable 3STI
Cattle Hemi:loglcal activity (positive/
status total [%])
BLV infected PL® 39/40 (98)
Non-PL 11/18 (61)
BLV-free® Non-PL 0/16 (0)

@ PL, Persistent lymphocytosis (6, 18).

b These cattle had no BLV p25 or gp antibodies as
determined by radioimmunoassay at a 1:5 serum di-
lution, and they were from leukemia-free herds.
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tigen were greater than 1:20,000. This titer is
higher than the titers of many of the bovine sera
which had inhibitory activity.

The fractionation of BLV antibody-positive
serum with ammonium sulfate or by an affinity
adsorbent showed that the inhibitory activity
was in the immunoglobulin-enriched fraction
(Table 4).

DISCUSSION

The results that we obtained can be summa-
rized as follows: (i) optimal conditions were de-
termined for inducing 3STI activity; (ii) under
optimal conditions, 3STI activity was found in
lymphocyte cultures of all cattle tested, and
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Fic. 5. Titration of the inhibitor of 3STI activity.
Lymphocytes from one BLV-infected cow (BF327)
were cultured for 70 h in the presence of the indicated
serum concentrations. In addition, each culture had
a final concentration of 3% FBS. The cross-hatched
area represents the mean + standard deviation of
cultures with no adult serum (3% FBS only). Symbols:
®, BLV antibody-negative serum SR3153; X, BLV
antibody-negative serum from BI615; O, BLV anti-
body-positive serum SR124. SEM, Standard error of
the mean.

TABLE 2. Absorption of inhibitor of 3STI activity

with BLV antigens®
3STI inhib-
Bovine serum Absorption itory activ-
ity
BLV antibody-positive None 38,000°
SR124 Whole BLV 75
Sonicated BLV 200
BLV antibody-nega- None 100°
tive SR3153 Whole BLV 100°

? Lymphocytes from a BLV-infected cow (BF327) were
cultured for 70 h in the presence of various concentrations of
the indicated serum. The final serum concentration was made
up to 10% with SR3153 serum.

® Reciprocal titer necessary to inhibit 3STI activity by 50%.

“ Higher concentrations did not inhibit 3STI activity by
any more than 1:100.

INFECT. IMMUN.

TABLE 3. BLV p25 antibody does not inhibit 3STI

activity
BLV antibody® .
s s 3STI inhibi-
Rabbit immunization o 025 tory activity”
Whole BLV + + 100
Purified p25 - + 20
None - - 10

® Sera were tested in BLV p25 and gp radioimmu-
noassays. Sera precipitating less than 20% of the ap-
propriate antigen at a 1:5 final dilution were considered
negative.

® Lymphocytes from a cow (BF314) were cultured
for 72 h in the presence of various concentrations of
the indicated serum. All of the cultures contained 3%
FBS. Shown is the reciprocal titer of the serum nec-
essary to inhibit the control (27,000 cpm) by 50%.

TABLE 4. Copurification of immunoglobulin and
the inhibitor of 3STI activity®

Inhibitor? Imur;li:n(o‘g;?b- Sp act?
Whole serum 305 30+ 15
(NH,);SO, supernatant 3+05 4+2
(NH,):SO, precipitate 805 100 + 30
DEAE*-adsorbed 95 +5 110 + 20
(NH,),SO, precipitate
Affigel-10-anti-bovine im- 98 + 2 110 + 20

munoglobulin eluate

?Each of the indicated inhibitors was assayed for total
protein concentration and total immunoglobulin concentra-
tion and titrated for inhibition of 3STI activity. FBS (3%) was
added to all cultures.

® SR124 serum was the source for all inhibitor fractions.

“ Percentage of total protein (mean + estimated range).

< Inhibition units X 100 per milligram of total protein. One
inhibition unit equals the micrograms of protein necessary for
50% inhibition (mean + estimated range).

¢ DEAE, Diethylaminoethyl.

there was no statistical difference between BLV-
infected and BLV-free cattle; (iii) in contrast,
3STI activity that was inhibitable by BLV anti-
bodies was found only in lymphocyte cultures of
BLV-infected cattle, not in BLV-free cattle; and
(iv) the inhibitor of 3STI activity was identified
as BLV-specific immunoglobulin.

It is unlikely that 3STI activity is induced by
FBS (14, 27), because it occurs in cultures con-
taining only BLV antibody-free adult serum.
Heterologous serum stimulation is also unlikely,
because lymphocytes from a single donor cul-
tured with 9 different BLV antibody-free sera
supported 3STI activity, whereas 14 different
BLV antibody-containing serum did not. Fur-
thermore, 3STI activity was inhibited by mixing
adult cattle serum without BLV antibodies with
BLYV antibody-positive serum (e.g., Table 2).

BLV-associated spontaneous blastogenesis
seems to be primarily specific for gp (Table 3).
This apparently contradicts our other finding
that only cattle with p25 antibody titers of 1:50
or greater have 3STI activity (all BLV-infected
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cattle tested had gp antibodies). One explanation
can be derived from the following hypothesis:
the spontaneous blastogenesis of BLV-infected
cattle results from stimulation of BLV-specific
memory lymphocytes by BLV produced de novo
in culture, but blastogenesis is detectable only
in cattle given a sufficient amount of sensitiza-
tion. By coincidence, a p25 titer of 1:50 corre-
sponds with the minimum sensitization neces-
sary to produce detectable 3ST1I activity. Exper-
iments are in progress to test this and other
hypotheses.

Two independer.t methods of fractionating se-
rum showed that immunoglobulin and inhibi-
tory activity copurified. It is likely, therefore,
that the inhibitor of 3STI activity is a BLV
antibody.

Spontaneously occurring thymidine incorpo-
ration has been noted in peripheral blood lym-
phocyte cultures of people infected with Ep-
stein-Barr (22), measles (11), or influenza (3)
virus and in spleen cells of mice in which murine
leukemia virus had been expressed for long pe-
riods (13). It is possible that viral infections,
especially persistent ones, induce a memory lym-
phocyte population which may have a role in
the control of virus infection.
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