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Autocrine Growth of Bovine Leukemia Virus
Infected-Lymphoblastoid B-Cell Line, BL2M3
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Introduction virus(tHTLV-I and HTLV-II), possessing an
unusual long terminal repeat{LTR) structure™?.
Bovine leukemia virus(BLV) is a retrovirus that BLV and HTLV-I contain a frans activation pro-

mainly infects the B cell lineage in ruminant tein, which induces transcription of overlapping
species’. The BLV is sequence homologies with open reading frame region®. Also, one of the se-
human C-type retrovirus, human T cell leukemia quence pX proteins in HTLV-1, p40*, was shown
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not only to activate transcription of proviral gene
from LTR in a frans acting manner'®" but also
to transactivate the gene for interleukin(IL) 2 as
well as the gene for IL 2 receptor/Tac ex-
pressions which are continuously activated in
HTLV-I infected cells. These comparative ob-
servations led to be a hypothesis that B cell
growth factors derived from BLV-infected cells
and their receptors are involved in the B cell
malignances in relation to BLV infection.

Many clonal B cell responsive systems have been
studied in human and murine. Especially, several
factors are involved in the triggering of B cell ac-
tivation, proliferation and differentiation, such as
IL 4% IL 5%, IL 6" and low molecular weight B
cell growth factor(LMW-BCGF)®. But little was
known about the requirement of cytokines for
growth and differentiation of bovine B cells.

It is recently found that culture supernatant of
a few of enzootic bovine leukosis-derived cell
lines contained the specific growth-promoting fac-
tors for the autologous B cells*. Also, some B
cells escape from normal growth control and be-
come malignant by endogenous production of
growth factors acting on themselves®™*. Similarly,
the previous study showed that the tumorous
proliferation of bovine B cells expressing tumor
associated antigen(TAA) on their cell surfaces ap-
peared to be highly involved in the growth fac-
tors released from BLV-infected lymphoblastoid
B-cell lines*. Thus, this study was to examine
the autostimulatory growth for the proliferation
of lymphoblastoid B-cell lines associated with
BLV infection.

Materials and Methods

Cell lines and conditioned medium : The bo-
vine lymphoblastoid cell lines, BL2ZM3 and BL
312 which exhibited B cell markers were ori-

ginally established from cows with enzootic bo-
vine leukosis(EBL). The expression of BLV was
confirmed to be negative in BL2M3 celis and po-
sitive in BL312 cells”. These were maintained in
RPMI 1640(Nissui Pharmaceutical Co., Tokyo,
Japan) supplemented with 2 mM L-glutamine, 0.
05 mM Z-mercaptoethanol, 0.02 mg/m! of gen-
tamicin, and 15% heat-inactivated fetal bovine
serum(FBS), referred hereafter to as medium.
For the preparation of conditioned medium(CM),
BL2M3 and BL312 cells were washed,
centrifuged(880xg for 5 minutes) in RPMI 1640,
suspended at a concentration of 3x10%/ml in
medium, and incubated at 37 T under 5% CO,-
humidified atmosphere. After incubadon for 5
days, supernatant as CM was collected and stor-
ed at -70 T before use. In some experiments,
FBS-frec CM was also used. In addition, the cul-
tured supernatant of Ix10°/ml of bovine peri-
pheral mononuclear cells(BPMNC) stimulated
with 0.5 pg/ml of pokeweed mitogen(PWM) for
3 days was used as a source of bovine cytokines.

Assay of BL2M3 and BL312 cell proliferation :
BL2M3 and BL312 cells from cultures were har-
vested and washed twice in RPMI 1640. These
cells were maintained for 15 hours in medium
without FBS to make them starved, as described
previously®. These starved cells were sceded at
various densities per 200 pl/well in 96-well
microplates(Falcon 3072; Becton Dickinson
Labware, Oxnard, CA, USA) and incubated with
various dilution of BL2M3 and BL312 CM for
different time intervals at 37 € under 5% CO,-
humidified atmosphere. The cultures were pulsed
with 0.4 pCi/well(l pCi=37 kBq) of tritiated
thymidine(*H-TdR; New England Nuclear, Bos-
ton, Mass., USA) for the last 18 hours and then
harvested onto glass fiber papers using an au-
tomated cell harvester(Labo Science Co., Tokyo,
Japan). The radioactivity was measured in a li-
quid scintillation counter.
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Isolation and proliferation assay for bovine
peripheral blood lymphocytes(PBL) : Blood was
collected in heparinized tubes by jugular veni-
puncture from clinically healthy cattle. Buffy coat
cells which were obtained by centrifugation for
40 minutes at 800xg, at room temperature, were
diluted 1:1 in phosphate saline(PBS, pH 7.4).
The diluted cells were layed on the equal
volume of Lymphoprep(specific gravity, 1.077,
Nycomed As, Oslo, Norway) and centrifuged at
1,000xg for 30 minutes. The cells at the in-
terface between PBS and Lymphoprep were sub-
jected to 0.83% NH,Cl in Tris-HCl buffer(pH 7.
6) and washed 3 times with PBS. The freshly iso-
lated peripheral mononuclear cells were in-
cubated for 1 hour to remove the adherent cells.
Resulting PBL was cultured at a cell density of
1x10%/ml with or without PWM(0.5 pg/ml) for
20 hours at 37 T under 5% CO,-humidified at-
mosphere. The PBL was washed 4 times in PBS,
suspended in medium and cultured with various
diluton of BL2M3 and BL312 CM for different
periods of time. Cultures were pulsed with 0.4
pCi/well of *H-TdR for the final 6 hours and
then harvested onto glass fiber filter papers using
an automated cell harvester. The radioactivity
was measured in a liquid scintillation counter. All
the values in this study were expressed as mean
cpm or dpm of triplicate cultures +:SEM.

Interleukin assay : BL2M3 and BL312 CM
was assayed for several interleukin activities in-
cluding IL 1%, IL 2%, IL 5®, and IL 6 by us-
ing murine assay systems.

Results

Kinetics for Proliferative responses of BL2M3
and BL312 cells : BL2M3 and BL312 CM was
assayed for their abiliies to induce the prol-
iferaion of autologous cells. BL2ZM3 CM aug-

mented DNA synthesis of BL2M3 cells in a dose-
dependent manner at cell density of 2.5x10%/200
pl/well(Fig 1A). This activity started a dramatic
augmentation after 3 days of culture and peaked
around 4 to 5 days of culture(Fig 1B). However,
the BL312 CM showed a weak effect on the
proliferaion of BL312 cells when compared to
those of BL2M3.

As shown in Fig 2, when BL2M3 cells were se-
eded at cell densities of less than 1x10°/200 pl/
well, the addition of BL2ZM3 CM to the culture
for 5 days showed proliferative responses in a
dose-dependent manner. Whereas little or no ac-
tivity was seen at higher cell densities(more than
2x10° /well). At very low cell densities, less than
1x10°/well, BL2M3 cells did not proliferate
despite addition of various concentration of BL
2M3 CM. BL312 CM had weak activides on
BL312 cell proliferation at different cell densities.

To examine whether BL312 CM has the
growth-promoting activity in BL2M3 cells or not,
BL2M3 cells were cultured with either BL312
CM or BL2M3 CM. DNA synthesis of cultured
cells was assessed after 5 days. Not only BL2M3
CM but also BL312 CM induced marked prol-
iferaion of BL2M3 cells in dose-dependent
manner. Whereas both CM showed weak effect
on the induction of BL312 cell proliferation
when compared to that of BL2M3 cell
proliferation(Fig 3).

To examine whether the growth-promoting ac-
tivity of BL2M3 and BL312 CM in BL2M3
cells may be due to the presence of FBS in CM,
FBS-free CM was prepared by incubating
without FBS at a concentration of 4x10°/m! for
2 days. Similar growth-promoting activities in
FBS-free BL2M3 CM(50%) as well as BL312
CM(40%) were observed in BL2M3 cells but not
BL312 cells(Table 1).
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Fig 1. Dose-response(A) and time course(B) on proliferative responses of BL2M3 and BL312 cells in

response to BL2M3 and BL312 CM.
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Fig 3. Proliferative responses of BL2M3(A) and BL312(B) cells when cultured with either BL2M3 CM
or BL312 CM.

Table 1. Effect of serum-free BL2ZM3 and BL312 CM in BL2M3 and BL312 cell proliferation

CcMY BL2M3 cells BL312 cells
Medium alone 219+25% 3,023+383
BL2M3 CM(50%) 14,065+1,588 4,654 +456
BL312 CM(40%) 10,217 +797 4,685+238

Y CM was obtained from supernatant cultured with medium containing no FBS at cell concentration of
4x10°/ml for 2 days.
? *H-TdR incorporation{mean cpm+SEM, n=3)
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Biological effect of BL2M3 and Bl.312 CM on
proliferative response of normal bovine PBL :
To study the possibility that BL2M3 and BL312
CM is associated with the growth of activated
and normal PBL, BL2M3 and BL312 CM was
added to either PWM-stimulated bovine PBL
blast cells or normal non-stimulated PBL. BL2M3
and BL312 CM induced the proliferaton of
PWM-stimulated PBL blast cells as well as non-

stimulated PBL. Proliferation of PWM- and non-
stimulated PBL at cell density of 3x10*/200 pl/
well to BL2M3 and BL312 CM was dose-de-
pendent and peaked at a concentration of 40%
CM(Fig 4A). The time course in proliferation of
PWM- and non-stimulated PBL was depicted in
Fig 4B. The proliferation of bovine PBL was de-
tected after 2 days of culture and peaked at 4
days of culture regardless of PWM stimulation.
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Fig 4. Dosc-response(A) and time course(B) on proliferative responses of PWM- and non-stimulated

PBL in response to BL2M3 and BL312 CM.
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Effect of supernatant of PWM-stimulated
BPMNC on BL2M3 cell proliferation : Effects of
supernatant of PWM-stimulated BPMNC on the
growth of BL2M3 and BL312 cells were tested.

Supernatant of PWM-stimulated BPMNC failed

to support the growth of BL2M3 and BL312

cells at any concentration(Table 2).

Table 2. BL2M3 and BL312 cell proliferation in response to supernatant of PWM-stimulated BPMNC

CM

BL2M3 cells” BL312 cells!

Medium alone

BL2M3 CM(50%)

BL312 CM(50%)

PWM-stimulated BPMNC CM(50%)?

5,275+1,248Y 8,299+ 948
49,700+ 2,368 20,977+1,243
45 885+1,063 21,410+1,193
3904+ 852 6,676+ 514

Y Cultured for 5 days in the presence of CM and then pulsed with 0.4 pCi of *H-TdR for the final 6

hours

% Prepared from culture of 1x10° cells/ml with PWM(0.5 pg/ml) for 3 days

% SH-TdR incorporation{mean cpm+SEM, n=3)

Discussion

The present results demonstrated that BL2M3
CM induce a marked proliferaion of BL2M3
cells at optimal cell density. The ability to induce
the proliferation of BL2M3 cells also existed in
BL312 CM. The CM prepared under serum-free
conditions also induced BL2M3 cell proliferation.
It was suggested that BI2M3 and BL312 cells
release specific growth factor(s) necessary for the
BL2M3 and BL312 cell growth. BL2M3 and
3L312 CM could also augment the proliferation
of autologous cells. It was previously designated
this activity as "BL2M3 cell growth-promoting
factor(s)(BL2M3-GPF)"*. For example, BL2M3
cells release and respond to the soluble growth
factor(s) that sustain the continuous proliferadon
of their own cells, indicating the presence of re-

ceptor-like molecules for BL2M3 and BL312
CM on the BL2M3 and BL312 cell surfaces.
Thus, these results strongly suggest the pro-
bability that an autocrine mechanism appears to
be operating in the in vitro growth of the bo-
vine B lymphoblastoid cell line, BL2M3.

Several studies have shown the autocrine stimu-
lation of human Epstein-Barr virus(EBV)-
transformed B lymphoblastoid cell lines(LCL)
that secrete growth factor(s) necessary for their
sustained in vitro proliferation®**. The CD23
molecule which invariably expressed on human
EBV-transformed B LCL is released in culture su-
pernatant and reacted again on cell surface*7”®,
Namalva Burkitt's lymphoma line produces a 60,
000 molecular weight protein, which -enhances
the growth of normal activated B cells- as well as
certain B cell lines””. These surface soluble pro-
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teins shed from EBV-transformed cell line or oth-
er cell lines appear to be implicated in various
forms on its cell growth. It is, therefore, con-
ceivable from autocrine mechanism in BL2M3
and BL312 cell proliferation that the surfaces of
BL2M3 and BL312 cells may be transformed or
cleaved by BLV or unknown other reasons.

In this study, supematant of PWM-stimulated
crude BPMNC that is thought to include bovine
IL 1*#, IL 2%, and other bovine cytokines did
not influence the proliferadon of BL2M3 cells.
Therefore, BL2ZM3 cells are unable to react with
bovine IL 1 and IL 2 on their growth. BL2M3
and BL312 CM showed no IL 1, IL 2, IL 5 or
IL 6 actvity using murine interleukin assay
system(data not shown). These observations in-
dicated that BL2M3 and BL312 CM is a
growth factor devoid of] at least, IL 1, IL 2, IL
5 or IL 6 activity. Also, human IL 1, IL 2, IL 6,
G-CSF, and TNF-a failed to promote the BLZM
3 cell growth, but LMW-BCGF was capable of
augmenting the proliferaton of BL2M3 cells™.
This fact suggested that IL 1, IL 2, IL 6, G-
CSF, and TNF-e¢ but not LMW-BCGE were not

involved in the continuous growth of BLV-in- -

fected lymphoblastoid B cell lines.

BL2M3 and BL312 CM also acted on PWM-
stimulated bovine PBL blast cells as well as non-
stimulated PBL proliferation. Because PBL used
in this study was not separated from B and T
‘lymphocytes, BL2M3 and BL312 CM might
stimulate the PBL as a competent factor and
then induce the entry of activation and prol-
iferation. This finding indicated that BL2M3 and
BL312 CM released from BLV-infected B-cell
lines has a paracrine ecffect for bovine PBL
growth.

The B cell growth factors are sometimes mul-
tiple and panspecific. It is, nevertheless, assumed
that BL2M3 and BL312 CM is a growth factor
with regulatory function for the growth of bo-

vine BLV-induced B cell lines. The definite
characterization of BL2M3 and BL312 CM will

~ be obtained by further purification and isolation.

Conclusion

The current study was undertaken to in-
vestigate the involvement and kinetics of growth
factors for continuous growth of bovine leukemia
virus(BLV)-infected lymphoblastoid B-cell lines,
BL2M3 and BL312. BL2M3 cells proliferated re-
markedly to conditioned medium(CM) obtained
from either BL2M3 cell culture or BL312 cell
culture. They showed a proliferative response
even when cultured with serum-free CM. This
proliferative activity was dose-dependent at cell
concentrations from 5x10‘/ml to 5x10°/ml
Whereas BL312 cells showed a weak proliferative
response to ecither BL2M3 CM or BL312 CM.
BL2M3 and BL312 CM also induced prol-
iferaton of resting and pokeweed mitogen
(PWM)-stimulated bovine peripheral blood lym-
phocytes (PBL), indicating a paracrine effect that
is able to augment the in vitro growth for non-
transformed PBL. However, proliferative response
of BL2M3 and BL312 cells could not sub-
stituted by culture supernatant of PWM-stimu-
lated bovine peripheral mononuclear cells instead
of BL2M3 and BL312 CM. These results sug-
gested that the in vitro proliferaion by BLV-in-
fected lymphoblastoid B-cell line, BL2ZM3, shows

an autocrine chain.
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