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Epstein-Barr viruses (EBV) from diverse
sources are capable of transforming human
lymphoid cells with limited in vitro lifespan
into established cell lines (1-11). Surface-
marker studies have shown that all EBV-
transformed human lymphoid cell lines pos-
sess immunoglobulins (Ig) (12-15), periph-
eral lymphoid cells depleted of the Ig-bear-
ing population are less susceptible or non-
susceptible to EBV transformation (16, 17),
and, only surface Ig-bearing cells have EBV
receptors (18). These findings suggest that
EBYV may be specific for Ig-bearing or “B”
lymphocytes (14-17). Little is known, how-
ever, as to whether all surface Ig-bearing
lymphocytes are equally susceptible and all
non-Ig-bearing lymphocytes are insuscepti-
ble to EBV transformation. To answer this
question, one must devise a procedure to
quantify cell susceptibility to EBV transfor-
mation. We have successfully devised such
an assay which determines the minimal
number of lymphoid cells that must be pres-
ent in a culture in order for the culture to be
transformed by the EBV; results obtained
from this assay are reported here.

Materials and methods. Harvesting of
lymphoid cells. In the early phase of this
study, peripheral leukocytes were harvested
by sedimentation in dextran (19), which
yielded a population of leukocytes contain-
ing 40 to 60% lymphocytes. Later, leuko-
cytes were collected by centrifugation of ve-
nous blood on a Ficoll cushion (20); leuko-
cytes obtained by this method contained
>85% lymphocytes.

Depletion of Ig-bearing cells. Inmunoab-
sorbent columns were prepared by conju-
gating rabbit anti-human Ig or normal rabbit
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immunoglobulins to CNBr-activated Sepha-
rose 4B beads. The procedures described by
other investigators were used with minor
modifications (21-24). Peripheral lymphoid
cells harvested by the Ficoll method were
passed through the anti-human Ig or the
control column. Cells not retained were ex-
amined for surface markers and viability
and then used in the study.

Surface markers. The proportion of cells
that possess surface immunoglobulins was
determined by staining with fluorescein-
conjugated polyvalent antihuman Ig (25,
26). Under code, 100 to 300 cells were
counted under the white light and the per-
centage of cells showing three or more
specks of granular fluorescence under uv
illumination was enumerated. If negative, a
total of at least 1000 cells was examined for
fluorescent specks. The percentage of cells
which formed rosettes spontaneously with
sheep erythrocytes was determined as previ-
ously described (27).

EBV preparations. One pool of a throat
washing from a patient with infectious
mononucleosis (7) and one pool of filtrate
from the B95-8-transformed marmoset cell
line (28) were used. The former contained
10 and the latter contained 10*® trans-
forming units per 0.2 ml when assayed on
neonatal leukocytes (11).

Preparation of feeder cells. Human am-
nion cells were harvested and grown as de-
scribed (29). A cell suspension containing
50,000 cells/ml of medium was prepared
and distributed in 1-ml portions to 18 X
150-mm culture tubes which were kept in
the upright position for 1-3 days. Prior to
experimentation, the medium together with
some nonadherent cells was removed.

Nutrient medium. Eagle’s basal medium
containing the nonessential amino acids
(30), penicillin G (50 ug/ml), streptomycin
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(50 pg/ml), and 20% fetal calf serum was
used.

Determination of the minimal number of
lymphoid cells required for transformation
(MNLRT). Quadruplicate cultures contain-
ing 10%, 10°, 10, 103, 102, and 10 viable
leukocytes in 0.8 ml of medium were pre-
pared in culture tubes (18 X 150 mm) filled
with 5% CO, in air and closed with rubber
stoppers. Two-tenths milliliter of EBV was
added to each culture. Four cultures of 5 X
108 cells were kept as uninoculated controls
to monitor for possible spontaneous trans-
formation. The cultures were fed individ-
ually and observed for transformation as
described (11). Transformation was sig-
naled by the appearance of cell aggregates
which increased in size and number together
with increased metabolic activity 3 to 8
weeks after inoculation with the EBV. At
the end of the eighth week, the MNLRT
was calculated by the 50% endpoint method
(31). No correction was made for the varia-
tion in the proportion of lymphoid cells in
the leukocyte suspension. Assays in which
uninfected cultures transformed sponta-
neously were considered not valid; of all the
assays reported in this publication, there
was only one assay whose control cultures
transformed.
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EBV antibody. EBV capsid antibody
was tested by the indirect immunofluores-
cent test (33).

Results. Evaluation of the assay for the
minimal number of lymphoid cells required
for transformation (MNLRT). Results of 14
assays are summarized in Table I. Amnion
feeder layers consistently reduced the
MNLRT by about 1 log; this finding is con-
sistent with the reports that feeder layers of
macrophages or fibroblasts enhance trans-
formation (16, 32). Increasing the dosage of
EBYV from 10'? to 10*? transforming units
(TU) reduced the MNLRT by about 1 log.
Using amnion feeder layers and 10'* TU,
the MNLRT for the leukocyte of one donor
tested on five occasions was 4.62 + 0.19
log. With amnion feeder layers and 10*°
TU, the MNLRT for the leukocytes of
seven EBV-seronegative donors was 3.14 =
0.27 log. These results indicated that the
MNLRT assay yielded reasonably reproduc-
ible results and that the lowest MNLRT
value was obtained by the use of amnion
feeder layers and 10*> TU of EBYV from the
B95-8 marmoset cell line. These experimen-
tal conditions were used in all subsequent
experiments.

Depletion of Ig-bearing cells on the
MNLRT value. Results are summarized in

TABLE 1. Erfrect oF FEEDER LaYERS, EBV Do0SAGES, AND METHODS OF HARVESTING LEUKOCYTES ON THE
MiniMAL NUMBER oF LyMPHOID CELLS REQUIRED FOR TRANSFORMATION (MNLRT).

MNLRT (in log)

Expt Donors* Harvestlcr;gte(;f leuko- EBV? source and dose With feeder V;’éézz:ft
1 IS Dextran ™ 10t 4.3 6.0
2 IS Dextran ™ 1015 4.7 5.5
3 1S Dextran ™ 1013 4.7 6.0
4 IS Dextran ™ 1015 4.8 NT
5 IS Dextran TW 1015 4.8 NT
6 HC Dextran W 1015 3.8 4.5
7 HC Dextran B95-8 10'3 4 NT

B95-8 1045 2.8 NT

8 NB Dextran B95-8 103 4 NT
B95-8 1045 3 NT

9 DV Dextran B95-8 1015 3.5 4.5

Ficoll B95-8 1043 3 4

10 DV Ficoll B95-8 1045 3.5 NT
11 TC Ficoll B95-8 1043 3.0 NT
12 BO Ficoll B95-8 1045 3.0 NT
13 GC Ficoll BY5-8 1045 3.0 NT
14 IS Dextran B95-8 1045 3.5 NT

¢ NB = newborn. All others were EBV-seronegative healthy persons (12-26 years old).
® TW = throat washing; B95-8 = filtered spent medium from the transformed marmoset line (28). Dosages are

in transforming units (11).
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TABLE 11. EFrecT oF DEPLETION OF SURFACE Ig-BEARING CELLs ON THE MNLRT.

Percentage of Ig-bearing and E-rosetting cells and MNLRT values

Expt* Predepletion® Depleted® Sham deprlretion”
1 (44) (56), 3.0¢ (0.5) (77). 5.8 (5.5) (75). 2.8
2 (19) (53), 2.8 (<0.2) (72). 6.0 (6) (61), 2.8
3 (20) (53), 3.5 (<0.2) (69), >6.5 (10) (54). 4.0
4 (20) (45), 4.0 (1) (92), 6.5 (7) (75). 4.8

¢ The blood of EBV-seronegative donors was used in Expts. 1 to 3 and of an EBV-seropositive donor in Expt.

4

® See Materials and Methods. Sham depletion = cells not adherent to normal rabbit Ig-sepharose column. All
lymphoid cell suspensions contained >95% viable cells at the initiation of the assay.
© (44) (56), 3.0 = (44% surface Ig-bearing cells) (56% E-rosetting cells), and a MNLRT of 3.0 log.

Table II. The depletion of surface Ig-bear-
ing cells from a lymphoid cell population
increased the MNLRT value by at least 2.5
log. This finding substantiates quantitatively
that depletion of surface Ig-bearing cells
lowers susceptibility of lymphoid cells to
EBYV transformation (15-17).

The MNLRT values for lymphoid cells
from patients with chronic lymphocytic leu-
kemia (CLL). The MNLRT values for the
peripheral lymphocytes (over 90% surface
Ig-bearing cells) of three CLL patients were
6.5, >6.5, and >6.5 log. The assay for the
fourth patient was not valid because of
spontaneous transformation.

Discussion. A procedure for determining
the minimal number of leukocytes required
for transformation (MNLRT) by the EBV
has been devised. Under the prescribed as-
say conditions, close MNLRT values were
obtained. The average MNLRT value for
the peripheral leukocytes of seven EBV-
seronegative healthy persons was 3.14 =
0.27 log. It seems reasonable to consider a
difference of 1 log in the MNLRT value as a
significant difference in susceptibility to
EBYV transformation; a higher value signi-
fies a lower susceptibility to EBV transfor-
mation. Just why a minimum of about 3 log
of peripheral leukocytes must be present for
successful EBV transformation is not
known. It is possible that only one of about
10 leukocytes is susceptible to EBV trans-
formation; or, a minimum of about 103
EBYV-transformed cells are necessary to cre-
ate favorable culture conditions for some
transformed cells to grow into an estab-
lished line. Whatever the explanation may
be, it appears reasonable to consider the
MNLRT value as a measure of the relative

susceptibility of a cell population to EBV
transformation (defined as the ability of a
cell population to grow persistently as a cell
line). This statement is substantiated by our
finding that depletion of the EBV-suscepti-
ble surface Ig-bearing cells from a lymphoid
cell population increased the MNLRT val-
ues by at least 2.5 log.

Applying the assay to the peripheral lym-
phocyte of three patients with chronic lym-
phocyte leukemia (CLL), we found the CLL
lymphocytes much less susceptible to EBV
transformation. The MNLRT for the three
CLL lymphoid cell populations were 6.5,
>6.5, and >6.5 log in contrast to the value
of 3.14 = 0.27 log for the lymphoid cells
from seven healthy persons. Since the CLL
lymphocytes were predominately surface Ig-
bearing cells, we conclude that there may be
differences in susceptibility to EBV trans-
formation among populations of surface Ig-
bearing cells. The cellular basis for this low
susceptibility of the CLL surface Ig-bearing
cells to EBV transformation deserves fur-
ther study.

Summary. An assay for determining the
minimal number of leukocytes required for
transformation (MNLRT) by the EB virus
has been devised. Close MNLRT values of
3.14 = 0.27 log were obtained for the pe-
ripheral leukocytes of seven EBV-seronega-
tive persons. Depletion of surface Ig-bear-
ing cells increased the MNLRT value by at
least 2.5 log. Applying this assay to the leu-
kocytes of three chronic lymphocytic leuke-
mia (CLL) patients we obtained the values
of 6.5, >6.5, and >6.5 log.

Addendum: Since the submission of this manu-
script the following relevant article has appeared:
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