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ABSTRACT An enzymatic activity that synthesizes (2-5')
oligo(A) from ATP is induced in animal cells treated with in-
terferon. This activity, designated (2'-5')A polymerase, is also
elevated in human lymphoblastoid Daudi and Raji cells treated
with hydrocortisone. The polymerase activity increases signif-
icantly after 24 hr of treatment and declines when hydrocorti-
sone is removed from the culture medium. The product of the
enzyme prepared from hydrocortisone-treated cells is indis-
tinguishable from (2''-5)oligo(A) synthesized with polymerase
of interferon-treated cells either by an endonuclease activation
assay or by chromatographic analysis. The increase in (2'-5')A
polymerase is not mediated by secretion of interferon by hy-
drocortisone-treated cells; less than 1 unit of interferon pr ml
is present in the culture medium during treatment wi this
glucocorticoid hormone. Moreover, this increase is related to
the concentration of hydrocortisone in the culture medium and
is inhibited by the addition of cortexolone.This steroid interferes
with the interaction between glucocorticoid hormones and their
receptor. Cortexolone has no effect, however, on the induction
of (2-5')A polymerase by interferon. The synthetic glucocorticoid
dexamethasone also increases the polymerase activity. Exper-
iments with inhibitors show that such an increase requires RNA
and protein synthesis.

Two enzymatic activities are induced by interferon in mam-
malian cells: an oligonucleotide polymerase and a protein kinase
(see ref. 1 for additional references.). Both enzymes require
double-stranded RNA for activation and can be quantitated in
cell extracts by recently developed assays (2, 3). The first en-
zyme polymerizes ATP into a series of oligonucleotides char-
acterized by (2'-5')phosphodiester bonds (4) and collectively
designated (2'-5')oligo(A) or (2'-5')A. These oligonucleotides
activate an endoribonuclease that cleaves mRNA (5, 6). The
protein kinase phosphorylates the a subunit of initiation factor
eIF-2, thus inhibiting initiation of protein synthesis (1). Both
these enzymatic activities are elevated in rabbit reticulocytes
(7, 8), terminally differentiated cells that synthesize predomi-
nantly hemoglobin. The elevated levels of (2'-5')A polymerase
and protein kinase in reticulocytes are not due to an increase
of circulating interferon in anemic rabbits (T. Hunter and L.
Kronenberg, personal communication). The (2'-5')A poly-
merase is also increased in chicken oviduct after withdrawal
from stimulation by estrogen (9). In these experiments, the
(2'-5')A polymerase activity remained relatively low for 24 hr
after hormone withdrawal and increased gradually with ovi-
duct regression to levels approaching those of reticulocytes or
interferon-treated cells (9). These results suggest that the (2'-
5')A polymerase activity may have an important role in cell
differentiation (9).

Interferon inhibits the proliferation of several tumor and
normal cells in culture (see ref. 10 for additional references).
In particular, interferon inhibits DNA synthesis in lymphocytes
stimulated by mitogens (11). Kimchi et al. (12) reported a
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similar inhibition of DNA synthesis in lymphocytes stimulated
by concanavalin A and treated with relatively high concen-
trations of (2'-5')A "core," which does not contain terminal
phosphates. These authors suggested that induction of (2'-5')A
polymerase in interferon-treated lymphocytes and production
of (2'-5')A may be responsible for the inhibition of cell growth
(12). The proliferation of lymphoid cells is also inhibited by
glucocorticoid hormones (see ref. 13 for additional references)
and it seemed possible to us that an increase in (2'-5')A poly-
merase activity may accompany this growth inhibition.
Therefore, we measured (2'-5')A polymerase after treatment
with glucocorticoids in two lymphoblastoid cell lines, Daudi
and Raji. These cells are derived from Burkitt lymphomas and
do not spontaneously produce interferon (14, 15). The Daudi
cells are extremely sensitive to growth inhibition by interferon,
whereas the Raji cells are resistant (16). Moreover, the Raji cells
are insensitive to the antiviral effect of interferon on vesicular
stomatitis virus growth, whereas the Daudi cells are sensitive
(16). Because hydrocortisone inhibits proliferation of lym-
phoblastoid cells (17), we treated these cells with hydrocortisone
and observed an increase in (2'-5')A polymerase activity with
time of treatment or concentration of the hormone. This in-
crease cannot be accounted for by the production of interferon,
and it is presumably due to de novo synthesis of (2'-5')A poly-
merase. These results are discussed with regard to the rela-
tionship between inhibition of lymphoblastoid cell growth and
(2'-5')A polymerase activity.

MATERIALS AND METHODS
Cell Culture and Treatment. Daudi and Raji cells were

cultured in RPMI medium 1640 supplemented with 1 mM
glutamine and 20% (vol/vol) calf serum (18). The cells were
grown in stationary cultures and treated with glucocorticoids
or leukocyte interferon (106 units/mg of protein; obtained from
K. Cantell, Helsinki) before they reached saturation density at
8-9 X 105 cells per ml. The cells were diluted with fresh me-
dium to about 4 X 105 cells per ml and treated for the times
indicated in figure legends.
DNA Synthesis. Duplicate 0.5-ml aliquots of cell cultures

were incubated for 1 hr at 37"C with 5 pCi of [3H]thymidine
(1 Ci = 3.7 X 10's becquerels). At the end of the incubation the
cells were centrifuged, resuspended in 0.5 ml of 0.5% Na-
DodSO4, and treated with 1 ml of 20% (wt/vol) trichloroacetic
acid. The precipitate was collected on glass-fiber filters and
radioactivity was measured.
Assay of (2'-5')A Synthesis or Degradation. Cell extracts

were prepared by centrifugation of 10-ml aliquots of cultures;
the cell pellet obtained was frozen and thawed. The thawed
pellet was resuspended in 50 ,l of 10 mM KCl, 1.5 mM
Mg(OAc)2, and 20 mM Hepes/KOH, pH 7.4. More than 90%
of the cells were broken by this treatment, as determined by

Abbreviation: (2'-5')A, pppA(2'p5'A)n2'p5'AoH or (2'-5')oligo(A).
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light microscopy. After 10 min, 25 Al of 50% (vol/vol) glycerol
in the same buffer was added and the samples were centrifuged
for 5 min at 30,000 X g. The assay mixtures for (2'-5')A synthesis
contained 20 1ul of the supernatant (about 2.1 mg of protein per
ml and 20 A2W units), 0.5 jig of poly(I)-poly(C), 125 nmol (0.2
ACi) of [3H]ATP, and the other components previously de-
scribed (2) in a final volume of 25 pI. The mixtures were incu-
bated for 1 hr at 30'C, and the (2'-5')A formed was separated
by chromatography on DEAE-cellulose as described (2). An
aliquot of cell extract was used to determine ANO, and the
amount of (2'-5')A synthesized is expressed as nmol of AMP
equivalents incorporated into (2'-5')A per A2j unit per hr, as

described (9). To synthesize (2'-5')A of high specific activity
for chromatographic analysis on thin-layer plates of polyeth-
yleneimine-cellulose or DEAE-cellulose columns (2), we in-
creased the specific activity of [3H]ATP 60-fold. Conditions for
enzymatic digestion of (2'-5')A have been described (2). The
degradation of (2'-5')A was assayed by incubating cell extracts
for 30 min with labeled (2'-5')A synthesized as described (2).
The incubation mixtures were identical to those used for
measuring synthesis of (2'-5')A, except that poly(I)-poly(C) was
omitted and 1 ,uM 3H-labeled (2'-5')A was substituted for
[3H]ATP. Aliquots of the incubations were analyzed by chro-
matography on DEAE-cellulose to quantitate (2'-5')A degra-
dation as described (2) and on thin-layer plates to identify the
products of degradation as described by Kimchi et al. (19).

RESULTS
The initial experiments were carried out with Daudi cells. These
cells were treated with 1 ,uM hydrocortisone, and culture ali-
quots were taken at the times indicated in Fig. 1 to measure
DNA synthesis by 1-hr pulses with [3H]thymidine and (2'-5')A
synthesis by the assay described (2). Synthesis of DNA declined
progressively with time of treatment, reaching its lowest value
after 48 hr (Fig. 1A). Cell division, measured by counting the
cells, was also inhibited (data not shown). Synthesis of (2'-5')A
in cell extracts increased with time of treatment, but the greatest
increase occurred between 24 and 48 hr of hydrocortisone ad-
dition (Fig. IA). This hydrocortisone effect was observed in
repeated experiments when the cells were treated immediately

after dilution from cultures approaching saturation density.
When the cells were washed and incubated in fresh medium
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without hydrocortisone, synthesis of DNA increased whereas
(2'-5')A synthesis gradually decreased (Fig. 1B).
The increased synthesis of (2'-5')A in extracts of cells treated

with glucocorticoids was surprising. Subsequent experiments,
therefore, were designed to confirm this finding and to identify
this enzymatic activity with that induced in Daudi (unpublished
data) and other human cell lines by interferon (2). The synthesis
of (2'-5')A induced by hydrocortisone was absolutely dependent
on the presence of activating double-stranded RNA (see legend
of Fig. 1) and was optimal at 25 mM Mg(OAc)2, as reported for
HeLa cell (2'-5')A polymerase (2). The products of reactions
containing cell extract from hydrocortisone-treated Daudi cells
were compared with the products of reactions containing ex-

tract from interferon-treated cells by determining their bio-
logical activity in an endonuclease activation assay (5) and by
chromatography on polyethyleneimine-cellulose plates (data
not shown) or on columns of DEAE-cellulose (Fig. 2). The re-

action products obtained with these cell extracts and purified
by chromatography on DEAE-cellulose (2) activated the en-

donuclease to an extent comparable to that of (2'-5')A prepared
with extract of interferon-treated HeLa cells (data not shown).
The chromatographic analysis of the products digested with
phosphatase, phosphodiesterase, and T2 RNase showed iden-
tical patterns, indicating that similar compounds were syn-
thesized in the reactions with the different cell extracts. The
chromatographic analysis on DEAE-cellulose showed a series
of peaks corresponding to the oligomeric series described by
Kerr and Brown (4). The predominant species was identified
on the basis of its charge with a trimer, but relatively large
amounts of tetramer were also synthesized (Fig. 2A). When
digested with phosphatase, these oligonucleotides lost a -4
charge and were eluted at correspondingly lower salt concen-
trations (Fig. 2B). Similar oligonucleotides were synthesized
with extracts of interferon-treated Daudi cells (Fig. 3C),
suggesting that the same enzymatic activity is elevated in hy-
drocortisone- and interferon-treated cells. In the following
experiments, therefore, we investigated whether the increased
formation of (2'-5')A could be due to synthesis and secretion
of interferon after treatment of Daudi cells with hydrocorti-
sone.

Cell cultures treated for 2, 6, or 24 hr with hydrocortisone
were centrifuged and the supernatants were assayed for in-
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FIG. 1. (A) Inhibition ofDNA synthesis and increase of (2'-5')A polymerase activity in Daudi cells treated with 1 $M hydrocortisone. (B)
Reversal of the inhibition and decline of (2'-5')A polymerase activity upon removal of hydrocortisone. Cell aliquots were taken at the times indicated
to measure DNA and (2'-5')A synthesis. DNA synthesis is expressed as percent of that of control cultures incubated without hydrocortisone.
(2'-5')A polymerase activity is expressed in nmol of AMP equivalents incorporated into (2'-5')A in a 1-hr incubation of 25 Al per A260 unit of
cell extract. Control incubations without poly(I)-poly(C) gave a background of labeled nucleotides eluting with (2'-5')A corresponding to less
than 0.5 nmol ofAMP. This background is subtracted from the data shown. (A) Hydrocortisone added at time 0; (B) cells treated for 48 hr with
hydrocortisone were washed twice and incubated in fresh medium lacking hydrocortisone. On subsequent days, additional medium was added
to keep the cell density between 4 and 6 X 105 cells per ml. The average increase in cell mass was 1.4 per day. Control values for thymidine in-
corporation were about 50,000 cpm per assay.
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FIG. 2. Chromatographic analysis of (2'-5')A synthesized by

hydrocortisone-treated (A and B) and interferon-treated (C) Daudi
cells. The cells were treated for 48 hr with 1 AM hydrocortisone or for
16 hr with 20 units of human leukocyte interferon per ml. Highly la-
beled (2'-5')A was synthesized and purified by chromatography on
small columns of DEAE-cellulose (2). (A and C) Aliquots were applied
to DEAE-cellulose columns and eluted with 300-ml linear gradients
of 50-300 mM NaCl in 7 M urea as described (2); 3-ml fractions were
collected and radioactivity was measured. Only fractions 15-52 are
shown because no labeled compound was eluted outside these frac-
tions. (B) An aliquot of the sample analyzed in A was digested with
phosphatase, chromatographed, and eluted with a similar 50-ml linear
NaCl gradient; 2-ml fractions were collected. The arrows indicate the
position of internal markers: -1, A2'p5'A; -2, AMP; -3, ADP; -4,
ATP; and -5, p4A.

terferon content. Monolayers of human foreskin fibroblasts
were treated with the supernatant and in parallel with known
concentrations of human fibroblast and leukocyte interferon.
After 24 hr, the cells were infected with encephalomyocarditis
virus; 48 hr later, viable cells were measured by a vital dye
uptake method (15). Significant protection of fibroblasts was
observed with 1 unit of interferon per ml, whereas no protection
was observed with any of the supernatant fractions obtained
from hydrocortisone-treated Daudi cells (data not shown). We
concluded, therefore, that the increase in (2'-5')A synthesis is

Table 1. DNA synthesis and synthesis and degradation of
(2'-5')A in extracts of Raji cells treated with steroid

hormones or leukocyte interferon
(2'-5')A

Synthesis, Degradation, DNA
nmol AMP pmol AMP synthesis,
equivalents/ equivalents/ % of

Additions A260 unit A260 unit control

Exp. 1
None 0.6 17.0 100
Dexamethasone

(1 OM) 15.0 25.2 42
Cortexolone

(10 AM) 0.4 19.6 97
Interferon

(100 units/ml) 9.8 20.3 99
+ cortexolone
(10,OM) 10.5 21.8 97

Cortisone
(1 gM) 1.0 31.2 88

Cortisone
(3 M) 1.1 ND 67

Estradiol
(1 gM) 1.2 19.8 72

Estradiol
(3 gM) 1.9 ND 48

Exp. 2
Hydrocortisone

(3 gM) 17.5 25.9 ND
+ cycloheximide
(50 gg/ml) 1.8 33.0 ND
+ actinomycin D
(0.2 gg/ml) 2.0 32.2 ND

In Exp. 1 the cells were treated for 48 hr, whereas in Exp. 2 the cells
were treated for 15 hr. Synthesis of DNA was measured as described
in the legend of Fig. 1. Synthesis of (2'-5')A was measured in 25-g4l
incubation mixtures containing 125 nmol of [3H]ATP; degradation
was measured in similar incubation mixtures containing 50 pmol of
3H-labeled (2'-5')A. ND, not done.

not due to interferon secreted by hydrocortisone-treated
cells.

In subsequent experiments we established that synthesis of
(2'-5')A increases in Daudi cell extracts with the concentration
of hydrocortisone (Fig. 3A). A significant increase was already
detectable with the lowest dose tested (30 nM). Synthesis of
DNA was also progressively inhibited by increasing concen-
trations of hydrocortisone, showing a reverse relationship with
(2'-5')A synthetic activity similar to that of Fig. 1.

Further experiments were carried out with Raji cells, which
are insensitive to growth inhibition by interferon (16). The
synthesis of (2'-5')A also increased in extracts of these cells after
treatment with hydrocortisone or with the synthetic gluco-
corticoid dexamethasone (Table 1). Extracts of untreated Raji
cells synthesized very small amounts of (2'-5')A (Table 1),
whereas extracts of untreated Daudi cells consistently synthe-
sized relatively high levels of (2'-5')A (Fig. 1). Synthesis of
(2'-5')A also increased in Raji cell extracts after treatment with
leukocyte interferon, which did not significantly inhibit DNA
synthesis (Table 1).
To determine whether the increased synthesis of (2'-5')A

resulted from the interaction of hydrocortisone with a gluco-
corticoid receptor, we treated Raji cells with 1 AuM hydrocor-
tisone and increasing concentrations of cortexolone, a steroid
that blocks the interaction of glucocorticoids with their receptor
(20). Cortexolone prevented the increase of (2'-5')A polymerase
and reversed the inhibition of DNA synthesis (Fig. 3B). The
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FIG. 3. (A) Dose-response of the inhibition ofDNA synthesis and increase of (2'-5')A polymerase to hydrocortisone concentration. Daudi
cells were treated for 48 hr with the hydrocortisone concentrations indicated on the abscissa. (B) Reversal of the inhibition of DNA synthesis
and (2'-5')A polymerase induction by the antiglucocorticoid cortexolone. Raji cells were treated for 48 hr with 1 OM hydrocortisone and the
cortexolone concentrations indicated on the abscissa. DNA synthesis and (2'-5')A polymerase activity were measured as described in the legend
of Fig. 1.

induction of (2'-5')A polymerase was more sensitive to cortex-
olone than the inhibition of DNA synthesis, suggesting a dif-
ferential sensitivity of these processes to this antiglucocorticoid.
Moreover, cortexolone had no effect by itself on (2'-5')A or
DNA synthesis nor did it inhibit the increase in (2'-5')A syn-
thetic activity by interferon (Table 1). Further evidence for a
specific effect of glucocorticoids was obtained by treating Raji
cells with cortisone or estradiol, which have little or no gluco-
corticoid activity. Both steroids increased (2'-5')A synthesis
marginally, though they inhibited DNA synthesis (Table 1).

Experiments with inhibitors were carried out to investigate
whether RNA and protein synthesis are required for the in-
crease in (2'-5')A synthetic activity (Table 1). Raji cells were
treated with relatively high concentrations of hydrocortisone
(3 tOM) for a shorter time to limit the toxic effects of the inhib-
itors. When added with the glucocorticoid hormone, both cy-
cloheximide and actinomycin D largely prevented the increase
in (2'-5')A synthesis.

In the above experiments we detected increased (2'-5')A
synthetic activity in glucocorticoid-treated cells, but our assay
could not distinguish between a true induction of (2'-5')A
polymerase and a decrease in enzymatic activities that degrade
(2'-5')A (19, 21, 22). To rule out this latter possibility, we
measured degradation of labeled (2'-5')A under the same
conditions of the assay for its synthesis but in the absence of
poly(I)-poly(C) and [3H]ATP (see Materials and Methods). As
shown in Table 1, more (2'-5')A was degraded in extracts of
glucocorticoid-treated Raji cells than in extracts of control cells,
indicating that a decreased degradative activity cannot be the
explanation for the increased synthesis of (2'-5')A. Moreover,
the amount of (2'-5')A degraded is relatively small under the
assay conditions of (2'-5')A synthesis. This was shown in ex-
periments in which increasing amounts of (2'-5')A were added
to incubation mixtures identical to those described in Table 1.
When the concentration of (2'-5')A was raised from 1 to 4 ,uM,
the percentage of (2'-5')A degraded decreased to about one-
third the original amount, indicating that in the micromolar
concentration range (2'-5')A is degraded at nearly maximal rate.
This relatively low rate of degradation is due to the presence
in the reaction mixtures of 5 mM ATP, which was shown to
prevent breakdown of (2'-5')A (2, 22). Because (2'-5')A is syn-
thesized by extracts of interferon- and glucocorticoid-treated
lymphoblastoid cells in nearly millimolar amounts, the degra-
dation of (2'-5')A may play an insignificant role in the accu-
mulation of these oligonucleotides. This was also established
in experiments in which varying percentages of extract of in-
terferon- or glucocorticoid-treated cells were incubated with

extracts of untreated Raji cells. Synthesis of (2'-5')A was pro-
portional to the amount of extract of treated cells over a 4-fold
range of concentrations, as previously reported for HeLa cell
extracts (2).

Finally, the effect of glucocorticoids on the (2'-5')A synthetic
activity of other cell lines or under different growth conditions
was investigated in a preliminary way. No effect was observed
in HeLa or L cells treated with either hydrocortisone or dexa-
methasone. In the lymphoblastoid line Namalva, however,
treatment with 1 uM hydrocortisone for 48 hr increased syn-
thesis of (2'-5')A by cell extracts from a basal level of 1.6 nmol
to 6.2 nmol in a standard assay identical to those described for
Fig. 1 and Table 1. This increased synthesis of (2'-5')A, there-
fore, seems to be characteristic of glucocorticoid-treated lym-
phoblastoid cells. Even in these cell lines, however, the growth
characteristics of the cells during treatment with glucocorticoids
play an important role. In experiments with Daudi and Raji cell
cultures kept below 5 X 105 cells per ml and at high rate of cell
division by addition of fresh medium, the glucocorticoids had
little effect on the synthesis of (2'-5')A by cell extracts.

DISCUSSION
The (2'-5')A synthetic activity of Daudi and Raji lymphoblas-
toid cells increases upon treatment with hydrocortisone. The
increase is related to the dose of hydrocortisone, time of treat-
ment, and growth characteristics of the cells and is prevented
by the antiglucocorticoid cortexolone. This suggests that the
interaction of hydrocortisone with a glucocorticoid receptor
is required for the increase in (2'-5')A polymerase activity.
Moreover, this effect does not appear to be mediated by the
synthesis and secretion of interferon because interferon could
not be detected in the medium of Daudi cells treated with hy-
drocortisone.
The increase in (2'-5')A polymerase by hydrocortisone in-

dicates that the level of this enzyme can be elevated by hor-
monal stimuli different from interferon. This is also suggested
by the finding that the (2'-5')A polymerase activity is elevated
in reticulocytes and in chicken oviduct after estrogen with-
drawal (9). Recently, Blalock and Stanton (23) showed that
norepinephrine could induce resistance to viral infection in
mouse myocardial cells and proposed that this hormone and
interferon may share a common pathway of action in suscep-
tible cells. The antiviral effects of interferon can also be trans-
mitted from treated cells to neighboring cocultivated cells of
the same or even different species, possibly by cell-to-cell dif-
fusion of intracellular mediators (24). Different hormones,
therefore, may elicit a similar response either by sharing in-
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6510 Biochemistry: Krishnan and Baglioni

tracellular mediators or by activating convergent pathways of
enzyme induction in cells already committed to specific dif-
ferentiation programs. Reticulocytes and oviduct and lym-
phoblastoid cells are programmed to respond to different
hormonal stimuli, and the increase in (2'-5')A polymerase ac-
tivity may be part of the commitment of these cells to specific
pathways of differentiation.
The increase in (2'-5')A polymerase activity by glucocorti-

coids is possibly related to the growth inhibition of lympho-
blastoid cells by these hormones. The increase in (2'-5')A syn-
thesis was observed in extracts of cells treated toward the end
of their growth cycle. Control cultures resume cell division after
addition of fresh medium and the (2'-5')A synthetic activity
remains at a basal level, whereas in glucocorticoid-treated
cultures the cells do not divide and the (2'-5')A synthetic activity
increases dramatically. This increase requires RNA and protein
synthesis, it cannot be accounted for by changes in the level of
enzymatic activities degrading (2'-5')A, and it is of the same
order of magnitude as that observed in lymphoblastoid cells
treated with interferon (Table 1). These observations suggest
that glucocorticoids increase the level of (2'-5')A polymerase
presumably by inducing synthesis of this enzyme, though we
cannot exclude the possibility that the glucocorticoids may
activate a latent enzyme and that this activation requires RNA
and protein synthesis. This effect is specific for glucocorticoids;
estradiol or cortisone does not increase (2'-5')A synthesis by cell
extracts (Table 1).
The presence of Epstein-Barr virus genomes in Burkitt

lymphoma cells may also play a role in the induction of (2'-5')A
polymerase. An increase in cells containing virus particles is
observed in some lymphoblastoid cells treated with hydrocor-
tisone (17). A combination of low temperature and glucocor-
ticoids also enhances the replication of Epstein-Barr virus in
producer cell lines (25). Daudi cells are producers whereas Raji
cells are nonproducers and are not induced to produce viral
particles by hydrocortisone (17). Glucocorticoids also promote
transcription of integrated viral genomes in susceptible cells;
i.e., dexamethasone increases mouse mammary tumor virus
RNA (26) and production of mature virus particles in mammary
carcinoma cells (27). This effect is mediated by a specific glu-
cocorticoid receptor (27). It is possible that synthesis of viral
RNA is induced by glucocorticoids in lymphoblastoid cells also,
but it is not clear how viral RNA could induce (2'-5')A poly-
merase without secretion of interferon. Cells that synthesize
interferon become antiviral and have presumably elevated
levels of (2'-5')A polymerase only when secreted interferon
interacts with the cells (28). Raji cells, however, do not secrete
detectable amounts of interferon when treated with hydro-
cortisone (17) and we did not detect interferon in the culture
medium of Daudi cells treated with this hormone.

Glucocorticoid hormones greatly enhance interferon pro-
duction in the spontaneous interferon producer Namalva
lymphoblastoid cells infected with Sendai virus (29). This effect
of glucocorticoids may be explained by an increase in (2'-5')A
polymerase activity. A more rapid and enhanced interferon
production is obtained by pretreating cells with moderate doses
of interferon before virus infection, an effect known as
"priming" (see ref. 30 for refs.). Treatment with interferon
elevates the (2'-5')A polymerase activity (1), as does treatment
with hydrocortisone in lymphoblastoid cells. It seems possible.
that an elevated (2'-5')A polymerase activity may enhance
interferon production upon virus infection. The (2'-5')A poly-
merase may be part of the recognition mechanism for dou-
ble-stranded RNA of viral origin; the structural requirements
of double-stranded RNA for (2'-5')A polymerase activation are
similar to those for the induction of interferon synthesis (31, 32).
An increased level of (2'-5')A polymerase may be responsible

for triggering interferon production earlier and at an enhanced
rate.
The relationship between growth inhibition and increase in

(2'-5')A polymerase activity is unclear. Changes in the level of
this enzymatic activity with the growth conditions of cells and
tissues have been reported by Stark et al. (9), but it remains to
be established whether such changes are a consequence or a
possible cause of growth inhibition. The role of elevated (2'-5')A
polymerase activity in cells undergoing physiological changes
in growth characteristics is also obscure. Such changes are of
particular interest in view of current studies on the antiproli-
ferative effects of interferon (10).
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