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NC-37 lymphoma cells treated with n-butyrate or S-bromodeoxyuridine (BrdUrd) and induced
with Sendai virus produced crude interferon with titers of up to 2 X 10% units/ml1(100 units/10® cells)
and with specific activities of up to 10°% units/mg protein. More than 90% of the interferon activity
was neutralized by antiserum against human interferon type o (HulFN-a). Treatment of the cells with
BrdUrd, but not with butyrate, resulted in the production of moderate amounts of interferon without
virus induction.

butyric acid 5-bromodeoxyuridine interferon lymphoblasts

In an early study on interferon production in transformed human haematopoietic
cells, Strander et al. [11] observed a wide variation of the interferon response to Sendai
virus in 21 lymphoid cell lines. The Buikitt’s lymphoma line Namalwa was identified
as the best producer of an interferon, which was later shown to consist mainly of HulFN-
a and minor, variable amounts of HuIFN-8 [5]. In spite of further, extensive screening
programs, Namalwa has so far remained the cell line of choice for the production on a
larger scale of human ‘lymphoblastoid’ interferon.

Interferon production in Namalwa cells can be markedly enhanced by treatment of
the cells with one of several chemicals, e.g. #-butyrate or 5-bromodeoxyuridine (BrdUrd),
all of them inhibitors or inducers of cell differentiation [2—4, 8, 12] . Although these com-
pounds are active not only in Namalwa cells, but also in many other lymphoid cell lines,
the extent of stimulation varies widely from one cell line to another (refs. 4, 12 and our
unpublished data). We have therefore examined the effects of several chemicals on inter-
feron production in a number of human haematopoietic cell lines, attempting to identify
cells which, although not necessarily superior to Namalwa in an untreated condition,
would produce more interferon after treatment with chemicals. We report here that a
strain of the cell line NC-37 meets these criteria, and may be suitable as an alternative
source of human interferon.

NC-37 was until recently considered to be a lymphoblastoid cell line established from
the peripheral blood of a healthy donor [6]. Recent studies have revealed, however, that

0166-3542/81/0000-0000/$02.75 © Elsevier/North-Holland Biomedical Press



276

NC-37 is most probably a subline of Raji (Burkitt’s lymphoma) cells that has arisen from
contamination of the original cultures (H. zur Hausen, personal communication). NC-37
cells contain approximately 80 Epstein—Barr virus (EBV) genome equivalents per cell
[1]; all cells express the EBV-associated nuclear antigen. A small fraction of the cells
(< 1%) spontaneously express the EBV early antigen; this percentage is remarkably in-
creased after treatment with chemicals such as BrdUrd, butyrate or phorbol esters. Viral
capsid antigen or mature viral particles have never been observed in untreated or treated
cells [7].

NC-37, Raji, and Raji 7-7 cells (obtained from Dr. H. zur Hausen, Freiburg) and Raji
6 HAT cells (from Dr. W. Berthold, Biberach) were maintained in a stationary suspension
culture in RPMI 1640 medium containing 10% fetal calf serum, penicillin (100 units/
ml) and streptomycin (50 units/ml). If not mentioned otherwise, experiments were
performed in 10 ml cultures. Chemicals were added to cultures of rapidly growing cells
(3—5 X 10° cells/ml); interferon was induced by Sendai virus (approximately 2 X 10°
cells/ml, 2'° haemagglutinating units virus/ml in medium containing 1% fetal calf serum).
Interferon titers were determined in a plaque-reduction assay using GL-V3 vervet monkey
kidney cells and vesicular stomatitis virus; all titers were expressed in terms of the inter-
national standard of human leukocyte interferon, 69/19. Neutralization assays were
carried out by incubating 8-10 units of an interferon preparation (80—100 units/ml)
with a 1 : 100 dilution of specific antisera for 60—90 min at 37°C and titration of the
residual interferon activity. All titrations and neutralizations were done in duplicate. The
antisera used were provided by the National Institute of Allergy and Infectious Diseases,
Bethesda, MD, U.S.A., and by Dr. C. Tan, University of Calgary, Canada.

In stationary suspension culture, NC-37 cells grew to maximal densities of about
2.5 X 10° cells/ml with a population doubling time of approximately 24 h. Relatively
high interferon titers were already observed when untreated cells were induced with
Sendai virus; pretreatment with any of several chemicals active on Namalwa cells re-
sulted in a marked enhancement of interferon yields, with butyrate and BrdUrd being
most potent (Table 1). As it is the case with Namalwa cells [2—4], enhancement of inter-
feron synthesis by chemicals was inevitably accompanied by inhibition of DNA synthesis
(determined by [*H]thymidine incorporation as described previously [3]) and of cell
proliferation (Table 1).

A number of experiments was performed to optimize conditions for interferon pro-
duction. Concentrations of butyrate higher than 1 mM did not further enhance inter-
feron yields, and 2 mM butyrate sometimes gave even lower titers. In several experi-
ments, interferon production was induced after 26, 48 and 72 h of treatment with 1 mM
butyrate or 50 ug/ml BrdUrd; in all cases, optimal enhancement was observed already
after 26 h in the presence of the chemicals. Furthermore, combined treatment with
butyrate (1 mM) and BrdUrd (50 ug/ml) for 48 h did not result in a stronger enhance-
ment than treatment with butyrate alone (data not shown).

For a preliminary characterization of interferon produced by NC-37 cells pools were
prepared from interferon induced in butyrate- or BrdUrd-treated cells (six independent
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experiments). Comparative titration of these preparations on monkey (GL-V3) and hu-
man (WISH) cells gave a high ratio of activities indicative of a high proportion of a-type
interferon. Neutralization assays using antisera specific for HulFN-« and -f revealed that
butyrate- as well as BrdUrd-treated cells produced more than 90% IFN-« (data not shown).

A few experiments were performed as a first approach to scale up interferon produc-
tion with NC-37 cells. Stationary suspension cultures with volumes of up to 200 ml
were grown in plastic flasks, larger cultures were grown in Erlenmeyer flasks on rotatory
shakers or in roller bottles. Although the highest yields (up to 10° units/10° cells) were
obtained from stationary cultures, cells grown in roller bottles still produced large a-
mounts of interferon, and up to 1.5 X 107 units could be obtained from a single bottle.
Moreover, unfractionated supernatants already contained interferon with very high
specific activity (up to 1.2 X 10° units/mg protein). Compared with Namalwa cells,
NC-37 clearly gave rise to higher titers as well as higher specific activities in the crude
supernatants (Table 2).

As indicated in the introduction, NC-37 cells most probably are derived from the
Raji line of Burkitt’s lymphoma cells. We have therefore examined the original Raji cell
line as well as two independently derived clones (Raji 6 HAT and Raji 7-7) with respect
to interferon production and response to chemicals. In our Hands, neither of these cell
lines produced measurable quantities of interferon in response to Sendai virus. Follow-
ing pretreatment with butyrate or BrdUrd, moderate amounts of interferon were pro-
duced (20—500 units/10® cells), whereas dexamethasone, dimethylsulfoxide or 12-0-
tetradecanoyl-phorbol-13-acetate (TPA) were ineffective (data not shown).

Several human lymphoid cell lines (including NC-37) have been described to produce
interferon without induction by viruses or nucleic acids, although in most cases at a very
low level (‘spontaneous’ or ‘autogenous’ interferon) [9, 10]. Interferon activity in spent
media of our NC-37 cultures was, however, consistently below our level of detection (i.e.
< 1—2 units/ml) and remained so after treatment of the cells with butyrate, dexametha-
sone or dimethylsulfoxide for up to 5 days; marginal interferon activity was in some ex-
periments detected after treatment with TPA (up to 5 units/ml). In contrast, BrdUrd
(50 or 100 pg/ml) in all experiments ‘induced’ production of substantial amounts of
interferon in accordance with earlier reports [9, 12], but maximal production rates
(150—350 units/10® cells in 24 h) were only observed after 4—7 days of treatment
(data not shown). Since the enhancement by BrdUrd of virus-induced interferon produc-
tion is maximal already after 26 h of treatment, these data indicate that different mech-
anisms are involved in the stimulatory effects of BrdUrd on spontaneous and virus-
induced interferon synthesis. This would also explain why butyrate is at least as potent
as BrdUrd with regard to enhancement of virus-induced interferon production, but does
not stimulate spontaneous interferon synthesis.
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