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In the past few years, lymphoblastoid cell
cultures have been established from individu-
als with a variety of lymphoproliferative and
myeloproliferative disorders (1-7) and from
apparently normal individuals (8). Particular
interest in these cultures has been stimu-
lated by the discovery of a new member of the
herpes virus group, the Epstein-Barr virus
(EBV), first in lymphoblastoid cell lines ini-
tiated from patients with Burkitt’s lymphoma
(9) and subsequently, in other disorders (7,
10, 11) and from some normal individuals
(8). The demonstration of the EBV in a high
proportion of the Burkitt cell lines and cell
lines derived from patients with infectious
mononucleosis (10) has strengthened seroepi-
demiologic data (11, 12) implicating the
EBV in both of these conditions. Interferon
production has also been described in cell
lines derived from patients with Burkitt’s
lymphoma (6, 13), infectious mononucleosis
(14), leukemia (15), and the Chediak-
Higashi syndrome (16). The present study
was undertaken to determine (1) if a rela-
tionship exists between interferon production
by a lymphoblastoid cell line and the disease
state in the patient from which it was estab-
lished; and (2) if the presence of the EBV in
a cell line could be correlated with inter-
feron production by a cell line. It will be
shown that interferon production by lympho-
blastoid cells is not related to the presence of
EB virus. Consequently, a broader study of
the presence of other possible inducers of
interferon in lymphoblastoid cell lines was
undertaken and reported here.

Materials and Methods. Cultures. Fresh
leukocyte cultures were prepared from blood

1 Presented in part at the Federation of American
Societies for Experimental Biology Meetings, Atlantic
City, New Jersey, April 13-18, 1969.

of normal individuals as previously described
(5). Lymphoblastoid cell cultures were ob-
tained from several investigators whose coop-
eration is gratefully acknowledged. These cell
lines had been established from normal indi-
viduals, from patients with leukocytosis of
unknown etiology who were otherwise healthy
and from patients with infectious mononucle-
osis, various leukemias, lymphosarcoma, and
Burkitt’s lymphoma. The cell lines were ob-
tained from Dr. G. Moore, Roswell Park
Memorial Institute, Buffalo, N. Y. and Drs.
D. P. Stites, P. Glade, J. Fahey, R. Manaker,
and A. Rabson of NTH. The cell line desig-
nation, reference to isolation, and disease
states in the patient from which the culture
was established are listed in Table I.
Lymphoblastoid cell lines (LBCL) were
maintained as suspension cultures by adding
an equal volume of fresh growth medium
(GM) consisting of RPMI 1640 medium
with 20% heat-inactivated fetal calf serum
(FCS), penicillin, streptomycin, and gluta-
mine at 3- to 6-day intervals to the cultures.

Assay of antiviral activity. Tissue culture
fluids obtained 72 hr after adjusting the cul-
tures to equal cell densities with fresh GM
were rendered cell-free by freezing and
thawing once followed by centrifugation at
2000 rpm for 10 min. The cell-free fluids
were examined for antiviral activity by
modification of a vesicular stomatitis virus
(VSV) vyield reduction assay (17). The
present assay employed Sindbis virus and
AHI1 cells, a fibroblast line derived from vag-
inal tissue (NTH media unit), because of its
increased sensitivity in the detection of hu-
man interferons (18). Culture fluids shown
to have antiviral activity in this assay were
subjected to further testing to determine if
they met criteria for interferons, viz., activity
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TABLE I. Interferon Production and EBV Immunofluorescence of Liymphoblastoid Cells.

Cell line designation,
reference to isolation

Disease state

Interferon titer EBV
(logy, yield re- (% fluoreseent
ducing units/ml) eells/1000 cells)

RPMI 82880 91 0.0
RPMI 84069 (8) Normal individuals 250 0.0
RPMI 81954 8 0.0
RPMI 2177 270 0.1
GCS 1 18 0.15
GCS 2 D. P. Stites (unpub.) Leucocytosis of unknown etiology 19 1.0
GCS 5 44 2.5
GCS 6 21 4.6
PGLC 334 21, 1.6
PGLC 33J 4) Infectious mononucleosis 36 0
PGLC 42D 25 2.4
PGLC 42F 30 0
PGLC 44B 166 3.5
PT J.A.Kasel (unpub.) 0 0
LKID (1) Acute Iymphoeytic leukemia 0 0
RPMIT 4265 (4) Chronic myelogenous leukemia 48 0
RPMI 8866 (4) Acute myelogenous leukemia 8 1.6
M1 (38) Lymphosarcoma 8 4.4
Raji (21) Burkitt’s lymphoma 0 0.0
ALl (6) 10 0.8
P3J R. Pulvertaft (unpub.) 0 5.0

against unrelated viruses, species specificity,
nonsedimentability, sensitivity to trypsin,
and loss of activity by pretreatment of the
AH1 cells with actinomycin D.

Assay of EBV immunofluorescence. Serum
from a patient with leukocytosis of unknown
etiology (obtained from Dr. D. Stites) had
an anti-EBV titer of 1:640 by indirect immu-
nofluorescence testing with the P3]J cell line.
The IgG portion of this serum was isolated
by chromatography on DEAE-cellulose and
conjugated to fluorescein isothiocyanate
(FITC) by the method of Wood et al. (19).
The FITC-conjugated serum was exhaustive-
ly dialyzed to remove unbound dye and em-
ployed at a 1:6 dilution in direct immu-
nofluorescence tests with the cell lines. De-
tails of the test procedure and specificity
tests for the fluorescent antiserum to the EB
virus have been published (20). Cells from
each lymphoblastoid culture were examined
for EB virus immunofluorescent antigens af-
ter growth for 4-7 days in arginine-free medi-
um and after aging the cultures for 9 days.

Both culture conditions have been shown to
increase the number of cells containing EB
viral antigens (21, 22).

Tests for microbial organisma and endotox-
in. Cell-free fluids from lymphoblastoid lines
were examined for known viral, bacterial, and
fungal organisms by published methods
(23). Monitoring for mycoplasma was done
through the courtesy of Dr. R. Purcell (LID,
NTAID, NIH), and pyrogen assays were
kindly done by Dr. S. M. Wolff.

Labeling and extraction of cellular RNA.
Lymphoblastoid cells (10%) were labeled in
100 ml of GM containing 5 pCi/ml of uri-
dine-5-% H(Amersham-Searle, specific activity
5 uCi/mmole) for 18 hr at 37°. Cellular RNA
was extracted with sodium-dodecyl-sulfate
(0.4% SDS), cold and hot phenol (24) and
had specific activities of 1-4 X 10° cpm/ug of
RNA. Presumptive double-stranded (ds)
RNA was isolated after treatment of labeled
cellular RNA with deoxyribonuclease and
ribonuclease (in 0.2 M NaCl) on 6%
agarose columns according to the method of
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Colby and Duesberg (25). Minimal modifica-
tions in this method included collection of
smaller effluent fractions (2.5 ml), counting
of 300 pl aliquots in liquifluor-Biosolve
(Beckman), and marking of the void volume
of the column with 1*C-labeled bacteriophage
DNA (obtained from K. Berns, NIH). Ma-
terial appearing in the void volume was
shown to be sensitive to alkaline hydrolysis
(0.3 N KOH overnight at 37°).

Enzymes. Deoxyribonuclease and ribonu-
cleases (pancreatic and T;) were obtained
from Worthington Biochemicals and em-
ployed at concentrations of 30 pg/ml and 100
units/ml (T;). Enzymatic activity was moni-
tored by counting the acid-insoluble radioac-
tivity remaining after digestion of the cellular
RNA.

Results. Interferon production. An inhibit-
or which met criteria for interferon was
present in cell-free fluids from 17 of 21 lym-
phoblastoid cultures. As shown in Table I,
interferon was detected in cell lines estab-
lished from normal individuals, and from pa-
tients with leukocytosis of unknown etiology,
infectious mononucleosis, leukemia, and lym-
phoma. Cell lines in which interferon was not
detected (‘“‘nonproducer”’-NP cultures) oc-
curred in the Burkitt’s lymphoma, leukemia,
and infecctious mononucleosis groups. In
contrast to the lymphoblastoid cultures, inhit-
itor activity was not detectable in cell-free
fluids obtained from fresh leukocyte cultures
from normal donors or donors with infec-
tious mononucleosis. Culture conditions and
cell density in these experiments were com-
parable to those in the lymphoblastoid cell
lines.

Interferon production and EBV immu-
nofluorescence. The presence of the EBV im-
munofluorescent antigen in cells from aged
and arginine-deficient lymphoblastoid cul-
tures was determined. A comparison of inter-
feron production by cell lines and their con-
tent of EBV detected by immunofluorescence
is shown in Table I. It is evident that there
are many cell lines that produce interferon
but that do not contain detectable EBV at
the time of interferon production; and, con-
versely, at least one culture contains EBV
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(P3]) but does not produce interferon. In
addition, there was no relationship of inter-
feron titers to the percentage of cells positive
for EBV by immunofluorescence.

The above experiments indicated that the
EB virus was not the inducer of interferon in
lymphoblastoid cultures. Other experiments
described below were then undertaken to sys-
tematically study other possible inducers of
interferon in relation to the LBCL.

Microbial organisms. Endotoxin. Despite
extensive testing, known viral, bacterial, fun-
gal, or mycoplasma organisms were not iso-
lated from cell-free harvests of the lympho-
blastoid lines. Medium and cell-free harvests
did not contain endotoxin as evidenced by
negative pyrogen tests.

The possibility was considered that the
lymphoblastoid lines might harbor a latent
virus with replication limited to lymphocyte
and/or lymphoblast cells as described for
EBV (26). Accordingly, cell-free fluids and
lysates of interferon-producing cultures were
incubated with fresh leukocyte cultures and
the interferon-negative LKID and PT lym-
phoblastoid lines, as follows. Cell-free lysates
obtained from 10® cells of interferon pro-
ducer cultures were adsorbed at 37° for 90
min to cell packs of 10® cells of NP cultures
and fresh leukocyte cultures. At the end of 90
min, the cell packs were diluted to 3 X 108
cells/ml with GM and incubated at 37°. As-
says of these cultures for antiviral activity
over the next 2 weeks were persistently nega-
tive. These experiments suggested that inter-
feron production was not induced by a trans-
missible agent in the lymphoblastoid lines un-
der the described conditions.

Ribonucleic acids. Since heterologous ribo-
nucleic acid (RNA) (27) and synthetic ribo-
polymers (28) induce interferon, experi-
ments were designed to investigate the rela-
tionship of RNA to interferon production in
the lymphoblastoid lines. These experiments
were predicated on the following scheme. If
RNA were the inducer of interferon in the
lymphoblastoid culture, it would presumably
come from dead cells in the culture. Exposure
of RNA released from dead cells to the
extracellular environment could result in al-
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teration in the RNA to a non-native form
that would be capable of stimulating viable
cells to produce interferon analogous to ex-
posure to heterologous RNA’s. In this
scheme, the hypothetical interferon inducer
would be during its extracellular period, sus-
ceptible to destruction by ribonucleases.
Thus, to try to answer the question of the
role of RNA in interferon production by the
lymphoblastoid lines, the experimental strate-
gy was to assess changes in interferon pro-
duction during ribonuclease treatment of the
culture. The experimental procedure was as
follows: RPMI 84069, a lymphoblastoid cul-
ture that consistently produced large amounts
of interferon, was divided into two equal
portions, centrifuged at 800 rpm for 10 min,
washed once with fresh medium, and resus-
pended in 10 ml of 1640 medium with 10%
FCS and glutamine. One portion served as
the control. To the other T; and pancreatic
ribonucleases were added.
"In one set of experiments, cell-free fluids
were assayed for inhibitor activity after 24
and 72 hr of enzyme treatment. In another
experiment, the control and enzyme-treated
cultures were centrifuged after 24 hr of
ribonuclease exposure and, after washing one
time with fresh medium, were resuspended in
fresh GM. At intervals over the next 24 hr,
cell-free fluids were assayed for antiviral ac-
tivity to determine the rate of restoration of
interferon production. Cell viability was not
affected by enzyme treatment (determined by
trypan blue dye exclusion) and ribonu-
cleases were as active in the presence of cells
and 10% FCS as in medium alone. The com-
bination of pancreatic and T; ribonucleases
degraded 97% of cellular RNA to acid-
soluble nucleotides in 60 min at 37°,
Ribonuclease treatment failed to alter in-
terferon production by lymphoblastoid line
84069. The ribonucleases did not decrease
interferon production during the 72 hr of
exposure of the cultures to enzymes. Ribonu-
clease treatment also did not affect the kinet-
ics of restoration of interferon to fresh GM as
shown in Fig. 1. In the latter experiment, it
would be anticipated that if ribonuclease
treatment removed the inducer of interferon,
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Fic. 1. Interferon production after exposure of cell
line 84069 to ribonucleases. Cell line 84069 was ex-
posed to pancreatic and T1 ribonuclease for 24 hr.
The culture was then washed and resuspended in fresh
GM. At intervals, aliquots of the culture were
taken and assayed for interferon production.

then some time would be required after the
enzymes were removed before induction of
interferon would be detected compared to the
control with constant exposure to inducer.
No such lag in interferon production oc-
curred in the enzyme-treated cultures.

Recent findings (25, 29) have disclosed ds
RNA in animal cells in small amounts, 0.1 to
19% of the total cell RNA. Since such materi-
al is ribonuclease-resistant, it would not be
excluded as the interferon inducer in lympho-
blastoid cell lines by the ribonuclease experi-
ments just described. A different experimen-
tal approach was required, therefore, to ex-
amine the role of ds RNA in interferon pro-
duction. It seemed reasonable that if, in fact,
ds RNA induced interferon in the lympho-
blastoid cell lines, that it might be present in
increased amounts in a producer compared to
a nonproducer culture, and furthermore,
that ds RNA isolated from a producer cul-
ture might induce interferon in the nonpro-
ducer culture. Accordingly, a producer cul-
ture (84069) and a nonproducer culture
(Raji) were adjusted to the same cell density
(108 cells/ml, 100-ml culture), labeled with
3H-5-uridine, the RNA extracted, and the
ribonuclease-resistant material appearing in
the exclusion volume of a 6% agrose column
(Fig. 2) collected. As shown in Table II, the
interferon nonproducer culture contained a

‘larger amount of ds RNA as determined by
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GEL FILTRATION OF

A 84069 RNA

CPM

1000}

500-

T

RIBONUCLEASE TREATED RNA

B RAJI RNA

10
EFFLUENT FRACTION

F1c. 2. Gel filtration chromatography of ribonuclease-digested lymphoblastoid RNA. *H-Uridine-
labeled RNA was extracted, digested with DNAase and RNAase, re-extracted with phenol, and
precipitated with cold ethanol as described under Materials and Methods. The final yield of RNA as
treated from a culture of 10° cells was dissolved in 1 ml of Tris HC1 0.01 M, pH 7.4, 0.1 M LiCl, 2
mM EDTA, and 0.9 ml was applied to a 1.5 X 45-cm 6% agarose column equilibrated with the same
buffer. Fractions of 2.5 ml were collected, and the radioactivity was measured in a 300 ul aliquot.
The void volume was determined by concurrently chromatographing C-labeled bacteriophage

DNA.

percentage of recovery of the radioactivity in
the RNAase-digested RNA applied to the
column. In addition, the ds RNA was devoid
of biological activity, i.e., ds RNA isolated
from either Raji or 84069 did not induce
interferon in Raji cells, although Raji could
be induced to synthesize greater than 20
units of interferon by exposure to 20 ug/ml of
(In:Cn) polycytidylic-inosinic acid.
Deoxyribonucleotides have been demon-
strated to stimulate antibody-forming cells,
and it has been suggested that interferon
might also be stimulated in this manner
(30). To examine this possibility, the NP
culture LKID was divided into control and

test cultures. The latter was exposed to a
digest of calf thymus DNA (Sigma) obtained
by incubation of 1000 pg of DNA with
deoxyribonuclease in Tris 0.002 M, pH 7.6,
0.005 M in MgCly for 24 hr. After 24-hr
exposure of LKID to 10-300 pg/ml of the
DNA digest, cell-free fluids were assayed for
antiviral activity. Inaddition to the un-
treated control, LKID stimulated with In:Cn
was also assayed. In contrast to the positive
In:Cn control, the DNA digest did not stim-
ulate interferon production.

Relationship of interferon to the lympho-
blastoid state. Four cultures were studied se-
quentially from the time that fresh leukocyte
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TABLE II. Relation of Double-Stranded RNA to

Interferon Production by Lymphoblastoid Cell
Lines.
IF Interferon
Cell line production 9% ds RNA* induction?®
84069 + 0.05% —
Raji — 0.1% —

“Total radioactivity applied to agarose column
(Fig. 2) was 8.8 X 10° dpm for 84069 and 9.1 X
10® dpm for Raji, of which >99.9% was recovered
in the effluent fractions. The percentage of ds RNA
was taken as the radioactivity recovered in the void
volume fractions/total radioactivity applied.

®Raji cells (107) were exposed to the peak efflu-
ent fractions containing the 84069 and Raji RNA-
ase-resistant RNA in GM containing 10 ug/ml of
DEAE-Dextran (29). At the end of 3 hr, the cells
were centrifuged, washed, and resuspended in 10 ml
of fresh GM. After 24 hr of additional incubation,
the tissue culture fluids were assayed for inter-
feron.

cultures were initiated through the time that
the cultures were considered continuous. A
sudden increase in acid production, clumping
of cells, and increase in cell number were
taken as criteria for continuous cultures.
Cell-free fluids obtained at weekly intervals
from the time of initiation of each culture
were assayed for inhibitor activity. In each
case antiviral activity was first detected at
the same time as signs of long-term prolifer-
ation became evident.

Discussion. In the present study, 17 of 21
human lymphoblastoid cell lines were found
to elaborate an antiviral substance with the
properties of interferon. Interferon produc-
tion occurred in cell lines derived from pa-
tients with leukocytosis of unknown etiology,
infectious mononucleosis, leukemia, lym-
phosarcoma, and Burkitt’s lymphoma. Thus,
interferon production by a lymphoblastoid
culture does not correlate with any particular
lymphoproliferative disorder and in fact,
was found in the cell lines from four normal
individuals. Similar conclusions were reached
by Northrop and Deinhardt (31), in studies
of spontaneous interferon production by hu-
man bone marrow tissue iz vitro from normal
individuals and patients with a variety of
diseases.
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A major interest in spontaneous interferon
production by lymphoblastoid lines has been
in its possible use as an indicator of latent
viral infection, especially by EBV (13). The
present investigation demonstrates that inter-
feron production is not related to infection of
lymphoblastoid cultures by EBV.

The {failure to correlate interferon produc-
tion with EBV infection prompted a broader
investigation of possible inducers of inter-
feron in the lymphoblastoid lines. Despite
extensive testing in animals and tissue cul-
ture, known viral bacterial, fungal, or myco-
plasma organisms were not isolated. Attempts
to passage an agent, assumed to have infec-
tivity restricted to lymphocyte or lympho-
blast cells (similar to EBV), to interferon
negative leukocyte cultures or lymphoblas-.
toid lines were also unsuccessful. Endotoxin-
stimulated interferon production, suggested
as the inducer of low levels of spontaneous
interferon elaboration in rabbit macrophage
culture (32), was excluded by negative pyro-
gen tests.

Autostimulation of lymphoblastoid lines by
altered homologous cell RNA was excluded
by the failure of ribonucleases to alter inter-
feron production. Stimulation of the cell lines
by ds RNA would not be excluded by these
experiments because of its ribonuclease resist-
ance. The greater recovery of ds RNA under
identical conditions from a nonproducer cul-
ture and the failure of ds RNA to induce
interferon argues, however, against this possi-
bility. It seems unlikely, therefore, that sin-
gle- or double-stranded RNA released from
dying cells is .the inducer of interferon in
lymphoblastoid lines. Heterologous deoxy-
ribonucleotides at concentrations that pro-
duce marked stimulation of antibody-form-
ing cells, failed to induce interferon in
fresh leukocyte cultures of lymphoblastoid
cultures. This finding and the failure of syn-
thetic deoxyribonucleotides to induce inter-
feron (38), make it unlikely that deoxyribo-
nucleotides act as the stimulus to interferon
production in the lymphoblastoid cultures.

The remaining known stimuli of interferon
in leukocyte cultures include phytohemagglu-
tinin (PHA), pokeweed mitogen (PWM),
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streptolysin, sensitized lymphocytes with
their appropriate antigen, and antilympho-
cyte serum (34-37). All of these inducers
share. the common property of transforming
resting lymphocytes to a lymphoblastoid cell
and may induce interferon synthesis as one
manifestation of derepression of gene expres-
sion at either the transcriptional or transla-
tional level. It is quite possible that a similar
mechanism of interferon production is oper-
ative in the lymphoblastoid lines, i.e., in the
dedifferentiation process that occurs as the
lymphocyte assumes a lymphoblastoid char-
acter, interferon is produced as part of the
increase in gene expression. The data
presented are consistent with this interpreta-
tion in that transformation of leukocytes to
lymphoblastoid cells was necessary for the
expression of interferon production. The fail-
ure to detect interferon in some of the lym-
phoblastoid lines may be due to a population
of leukocytes in which the interferon gene is
destined not to be expressed analogous to
occasional leukocyte cultures that undergo
blast transformation without associated inter-
feron production. Alternatively, “NP” cul-
tures may produce small amounts of inter-
feron that fall below the sensitivity of the
assay system.

Summary. Lymphoblastoid cell lines de-
rived from normal individuals and from pa-
tients with a variety of myelo- and lym-
phoproliferative disease states were examined
for spontaneous interferon production. Inter-
feron was synthesized by 17 of 21 lines inves-
tigated. No correlation was found with the
disease state, and cultures from normal indi-
viduals produced interferon. Interferon pro-
duction by lymphoblastoid cell lines is not
correlated with infection of the cultures by
EBV. The other nonviral inducers of inter-
feron were studied and excluded as being
responsible for the spontaneous production.
It is proposed that interferon production by
these cell lines is the result of a derepression
of gene expression associated with the lym-
phoblastoid state analogous to interferon syn-
thesis induced by lymphocyte mitogens.

The senior author is grateful to several investiga-
tors for helpful discussions during the course of this
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