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Injection of conventional or axenic weanling mice with potent sheep or goat antibody to mouse interferon cxl4
resulted in a decrease in the basal level of 2-5A synthetase in resting peritoneal macrophages and rendered these
cells permissive for vesicular stomatitis virus. There was a good inverse correlation between the level of 2-5A
synthetase in peritoneal macrophages and the permissivity of these cells for vesicular stomatitis virus. The
peritoneal macrophages of 1- and 2-week-old mice had low levels of 2-5A synthetase and were permissive for
vesicular stomatitis virus, whereas at 3 weeks (and after) there was a marked increase in the level of 2-SA
synthetase in peritoneal macrophages, and these cells were no longer permissive for vesicular stomatitis virus.
We suggest that low levels of interferon a or i or both are produced in normal mice, and that this interferon
contributes to host defense by inducing and maintaining an antiviral state in some cells.

Several animal viruses do not multiply in macrophages
freshly explanted from adult mice, suggesting that in vivo
macrophages may limit virus spread by inhibiting virus
multiplication. The resistance of resting peritoneal macro-
phages of adult mice to vesicular stomatitis virus (VSV) and
encephalomyocarditis viruses can, however, be abrogated
by injection of mice with antibody to interferon a/P (4).
Although the simplest explanation for this phenomenon was
that endogenous interferon had induced an antiviral state in
peritoneal macrophages, we and others (36) have been
unable to demonstrate any biologically active interferon in
the peritoneum or in different tissues of adult mice by using
sensitive cell assay systems. As an increase in the cellular
level of 2'-5' oligo-adenylate (2-SA) synthetase has been
considered a reliable marker of interferon action in vitro (3,
6, 9, 12, 13, 15, 16, 29, 31, 41; reviewed in references 23 and
36) and in vivo (5, 14, 21, 22, 27, 28, 30, 33-35), it was of
interest to determine whether injection of normal mice with
antibody to interferon would alter the basal level of this
enzyme. The results presented herein show that administra-
tion of antibody to interferon al3 decreases the level of 2-SA
synthetase in peritoneal macrophages and renders these
cells permissive for VSV, suggesting that low levels of
interferon are present in the peritonea of normal mice.

MATERIALS AND METHODS
Mice. Male and female DBA/2 and Swiss mice were ob-

tained from a pathogen-free colony at the Institut de Re-
cherches Scientifiques sur le Cancer, Villejuif, France.
Hyperimmune and normal serum globulins. All sera were

decomplemented and extensively absorbed on murine cells
(10). The immunoglobulin fractions were separated by am-
monium sulfate precipitation (protein content varied be-
tween 20 and 33 mg/ml) and were shown to be devoid of any
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cytotoxicity (10). The anti-mouse interferon c./, globulins
did not neutralize interferon y.
The sources and activities of the different immunoglobulin

preparations are shown in Table 1.
In one experiment, we further purified the sheep no. 1-7

immunoglobulin. The immunoglobulin was delipidated ac-
cording to the method of Harboe and Ingild (11). After
centrifugation, the supernatant in an acetate buffer (0.05 M;
pH 5.0) was passed on a carboxy methyl-Sepharose column.
Analysis of the antibody and protein content of the "un-
absorbed" and eluted fractions showed that the unabsorbed
fraction (3B) had the highest specific activity (resulting in a
ca. 10-fold purification). These results were in accord with
the findings of Mogensen and Cantell (26) for the purification
of sheep antibody to human interferon (x (leukocyte).
Monoclonal rat anti-mouse interferon -y (and a suitable

control ascitic preparation) was kindly provided by E. A.
Havell (Trudeau Institute, Saranac, N.Y.) (38). The crude
ascites were partially purified in our laboratory by precipi-
tation with 45% ammonium sulfate. After purification, the
anti-mouse interferon -y (rat immunoglobulin G [IgG] class 1)
had a titer of 10-6 against 4 U of mouse interferon y. Mouse
interferon -y, a phytohemagglutinin-induced spleen cell inter-
feron preparation partially purified on concanavalin A-Se-
pharose columns, was also kindly provided by E. A. Havell.
The anti-mouse interferon -y showed no neutralizing activity
at a 1:40 dilution against 8 U of mouse interferon a/,.

Preparation of interferon. Mouse interferon aot/ was pro-
duced, partially purified (specific activity, 107 reference units
per mg of protein), and assayed as previously described (39).
One of the units as expressed in the text is the equivalent of
4 interferon reference units.

Seeding of peritoneal macrophages in culture dishes. Pre-
liminary experiments showed that similar results were ob-
tained when mice were injected intraperitoneally (i.p.) with
antibody to mouse interferon 8, 4, or 1 day before peritoneal
macrophages were harvested. In the experiments to be
described below, mice were routinely injected with the
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TABLE 1. Sources and activities of the different immunoglobulin
preparations

Neutralizing
titer against

Description Source" 4 to 8 U of Referencemouse
interferon

OL/

Anti-mouse interferon
globulin

Sheep no. 1-7 IRSC 1.6 x 10-6 10
Sheep no. 5A IRSC 2.5 x 10-5 10
Sheep (NIH) Research 1.6 x 10-5

Resources
Branch,
NIHb

Goat DM E. De Maeyer 6.4 x 10-4 7
(Orsay,
France)

Control hyperimmune
globulins

Sheep no. 11 anti- IRSC <1 x 10- 10
impurities

Sheep no. 4B partially IRSC 2.5 x 10-1 10
immunized with
mouse interferon

Normal serum globulins
Sheep no. 2 IRSC <1 x 10-1 10
Goat E. De Maeyer <1 x 10-1 7

(Orsay,
France)

"IRSC, Institut de Recherches Scientifiques sur le Cancer, Villejuif,
France; NIH, National Institutes of Health, Bethesda, Md.
bNIH catalog no. G-024-501-568.

different preparations 4 days before peritoneal cells were
harvested.
The peritoneal cavity was washed with 3 ml of nutrient

medium (RPMI 1640 medium containing 10% fetal calf
serum. Peritoneal cells from each mouse were seeded in 3
wells of a 24-well plastic plate (Nunc), each well containing
ca. 0.5 x 106 cells per ml. Cells were allowed to fix to the
plastic culture dish at 37°C for 3 h, and nonadherent cells
were discarded. One well was used to determine protein
concentration, one well for determination of 2-5A synthe-
tase, and one well for VSV yield.
The experiments to be described below were undertaken

only with peritoneal cells firmly adherent to the culture wells
after vigorous washing. The cells could be detached by
trypsin only with some difficulty. Over 95% of the cells were
stained for nonspecific esterase, using techniques previously
described (4), and were positive by immunofluorescence
when a rat monoclonal antibody (F4/80) specific for mouse
macrophages (provided by S. Gordon and A. B. Ezekowitz,
Sir William Dunn School of Pathology, Oxford, England [1])
was used. By electron microscopy, these cells had a mor-
phology characteristic of peritoneal macrophages.

Determination of protein. The protein content of peritoneal
macrophages in each well was determined by the method of
Lowry et al. (24). There was no significant difference in the
protein content between wells containing macrophages from
mice injected with the different hyperimmune or normal
serum globulins.

Determination of 2-5A synthetase in peritoneal macro-
phages. The method described by Revel et al. (30) was used
for determination of 2-5A synthetase. In brief, peritoneal
macrophages seeded in one well were lysed in 100 ,ul of lysis
buffer, and after centrifugation the supernatants were stored

at -70°C before assay. In the assays, 20 ,ul of cell extract
was mixed with beads of poly(rI):(rC)-agarose (P-L Biochem-
icals Inc.) (50 ,ul) which had been prewashed with a solution
of50mM KCI, 10mM HEPES (N-2-hydroxyethylpiperazine-
N'-2-ethanesulfonic acid) buffer (pH 7.5) 20% glycerol, 5
mM MgC92, and 7 mM dithiothreitol (buffer C), and the tubes
were incubated for 15 min at 30°C. The beads were washed
with 1 ml of buffer C and incubated for 22 h at 30°C with a
10-,ul reaction mixture containing buffer C, 3 mM ATP, and
1.6 ,uCi of [a-32P]ATP (Amersham Corp.; ca. 400 Ci/mmol),
10 mM creatine phosphate, 3 mg of creatine kinase per ml,
and 40 ,ug of poly (rI):(rC) per ml. Preliminary experiments
showed that the kinetics of conversion of ATP into oligo-ad-
enylate phosphatase-resistant cores increased linearly from
1 to 23 h for extracts of peritoneal macrophages from both
control and anti-interferon immunoglobulin-treated mice. In
the experiments described below, mixtures were incubated
routinely for 22 h; 1 U of bacterial alkaline phosphatase
(Sigma Chemical Co.) in 40 ,ul of 0.1 M Tris base was added
to the tubes, which were then incubated for 2 h at 37°C.
After centrifugation, 20 pRI of the supernatant was added to
acid alumina columns (Sigma). The oligo-adenylate phospha-
tase-resistant cores were recovered from the columns with 1
M glycine-hydrochloride buffer (pH 2) and counted by
Cherenkov radiation in a scintillation counter. The results
are expressed as picomoles of ATP incorporated per hour
per microgram of protein.

Determination of the multiplication of VSV in peritoneal
macrophages. The origin, methods of preparation, and assay
of VSV (Indiana strain) have been previously described (4).
0.2 ml of a viral dilution (0.2 ml) (multiplicity of infection, ca.
2) was added to peritoneal macrophages in each well (after
the 3-h period of cell attachment to the plastic plate and
washing). After 1 h of incubation at 37°C, the cell sheet was
washed thoroughly, and 1 ml of nutrient medium containing
10% fetal calf serum was added. After incubation for 18 h at
37°C in a 5% C02-air incubator, the cells were frozen and
thawed three times, the cell extract was centrifuged, and the
supernatant was titered on a monolayer of L 929 cells. The
results are expressed as logl0 50% tissue culture infectious
doses per 0.2 ml.

Preparation of thymocytes and mesenteric lymph node cells:
determination of 2-5A synthetase and multiplication of VSV.
Thymocytes and mesenteric lymph node cells were obtained
by teasing and filtering the cells through a metallic grid. The
level of 2-5A synthetase was determined for 2 x 107 thymo-
cytes and 5 x 106 mesenteric lymph node cells, using the
techique described for peritoneal macrophages. VSV multi-
plication was determined in suspensions of thymocytes (5 x
106 cells per ml) or mesenteric lymph node cells (2.5 x 106
cells per ml) after incubation for 18 h at 37°C in a 5% C02-air
incubator.

Statistical analysis. Results were analyzed by using
Student's t test and covariance analysis.

RESULTS

Effect of antibody to interferon odjl on the level of 2-5A
synthetase in peritoneal macrophages and their permissivity
for VSV. In a series of four experiments, 4- to 6-week-old
male and female DBA/2 and Swiss mice were injected i.p.
with 0.2 ml of sheep 1-7 antibody to mouse interferon a/I or
with control immunoglobulins, or left untreated. Four days
later, the peritoneal macrophages were harvested and the
levels of 2-5A synthetase were determined, as well as the
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capacity of these macrophages to support multiplication of
VSv.
Lower levels of 2-5A synthetase were present in macro-

phages from mice injected with antibody to interferon com-
pared with the levels in macrophages from control mice (Fig.
1). VSV multiplied in macrophages from mice injected with
antibody to interferon, whereas VSV multiplied poorly or
not at all in macrophages from control mice. (Statistical
analysis of the results of 52 values plotted on a logarithmic
scale showed a linear relationship between the level of 2-5A
synthetase and the VSV yield [y = -3.120 x +4.514 ; r =
-0.794; P < 0.001]).

Relationship between the amount of antibody to interferon
injected, the level of 2-5A synthetase, and the permissivity of
peritoneal macrophages for VSV. A clear-cut effect on both
VSV multiplication and the level of 2-5A synthetase was
observed in mice injected with 103 U or more of neutralizing
antibody to interferon ct/P (Fig. 2). Again, there was an
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inverse correlation between the level of 2-5A synthetase
activity and the permissivity of peritoneal macrophages for
VSV.

Injection of different anti-mouse interferon globulins but not
control globulins results in a decrease in the level of 2-5A
synthetase in peritoneal macrophages and renders them per-
missive for VSV. In all of the experiments described above,
we injected mice with sheep no. 1-7 antibody to mouse
interferon. It was considered important to determine the
effect of other anti-interferon and normal serum globulins on
the level of 2-5A synthetase in peritoneal macrophages and
on the permissivity of these cells for VSV.

Injection of DBA/2 mice with anti-mouse interferon glob-
ulins from three sheep and one goat (from three laboratories)
rendered peritoneal macrophages permissive for VSV and
resulted in a significant decrease in the level of 2-SA synthe-
tase (Table 2). In contrast, injection of globulins from a
normal sheep, a normal goat, and from a sheep (4B) partially
immunized with mouse interferon (see above) were ineffec-
tive. Statistical analysis of the results of 45 determinations
plotted on a log scale showed a linear relationship between
the level of 2-5A synthetase and the VSV yield (y = -2.673
x +4.310; r = -0.841; P < 0.001).

Injection of a monoclonal antibody to mouse interferon -y
did not render peritoneal macrophages permissive for VSV
or lower the basal level of 2-5A synthetase (data not shown).

Antibody to interferon ao$ is also effective in axenic mice.
The experiments described above were undertaken with
pathogen-free mice. It was of interest to determine whether
peritoneal macrophages from adult axenic mice were also
nonpermissive for VSV and whether administration of anti-
body to interferon would exert any effect. For this experi-
ment, 5-week-old female axenic Swiss mice were injected
i.p. with 105 U of sheep 1-7 antibody to mouse interferon or
a control immunoglobulin (sheep no. 11), and 4 days later the
peritoneal macrophages were harvested. Injection of anti-
body to interferon resulted in a decrease in the level of 2-SA
synthetase in peritoneal macrophages, and the VSV yield
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FIG. 1. Relationship between the level of 2-SA synthetase in
peritoneal macrophages from mice injected with antibody to inter-
feron a/P or control globulins and the permissivity of these macro-
phages for VSV. Four- to 5-week-old male and female DBA/2 mice
and 5-week-old female Swiss mice were injected i.p. with 0.2 ml of
sheep 1-7 antibody to mouse interferon a/,8 (105 neutralizing units)
(-) or control immunoglobulin (0) 4 days before peritoneal macro-
phages were harvested. Other mice were left untreated (0). The
VSV yield and the 2-SA synthetase level were determined as
described in the text. Each point represents the value obtained with
peritoneal macrophages from an individual mouse.
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FIG. 2. Effect of injection of different dilutions of antibody on
the level of 2-5A synthetase and the permissivity of peritoneal
macrophages for VSV. Five-week-old male DBA/2 mice were
injected i.p. with 0.2 ml of 10-fold dilutions of sheep (1-7) antibody
to interferon cx/1 or were left untreated. Four days later, the
peritoneal macrophages were harvested and the level of 2-5A
synthetase (-) (picomoles of ATP polymerized per hour per micro-
gram of protein) and the multiplication of VSV (0) were deter-
mined. The results are expressed as the mean ± standard error for
five mice tested individually in each group.
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TABLE 2. Injection of DBA/2 mice with anti-interferon globulin decreases the level of 2-5A synthetase in peritoneal macrophages and
renders them permissive for VSVa

Expt. 1 Expt. 2 Expt. 3 Expt. 4
Treatment 2-5A 2-5A 2-5A 2-5A

synthetase VSV yield synthetase VSV yield synthetase VSV yield synthetase VSV yield

None 8.2 ± 1.6 0.8 ± 0.1 12.8 + 2.3 0.8 ± 0.0 14.7 ± 2.7 1.0 ± 0.1 4.3 ± 1.5 <0.5
Anti-mouse interferon ca/, globulin
Sheep no. 1-7 3.0 ± 0.4 4.1 ± 0.6 2.2 ± 0.6 3.7 ± 0.3 0.8 ± 0.1 2.1 ± 0.1
Sheep no. 1-7(3B) 0.3 ± 0.1 2.3 ± 0.6
Sheep no. 5A 2.5 ± 0.5 3.0 ± 0.4
Sheep NIH 2.6 ± 0.4 3.7 ± 0.3
Goat DM 5.3 ± 1.1 3.0 ± 0.5

Control globulin
Sheep no. 2 11.3 + 0.3 1.1 ± 0.3 11.5 ± 3.2 1.5 ± 0.1
Sheep no. 4B 10.6 ± 2.4 1.7 ± 0.2
Goat 20.9 ± 2.2 1.0 ± 0.1
a Four- to five-week-old male and female DBA/2 mice were injected i.p. with 0.2 ml of the different globulin preparations 4 days before peritoneal cells were

harvested. The neutralizing titers of the anti-interferon globulin preparations injected were as follows: sheep 1-7. 1.6 x 105; sheep 1-7 (3B). 8 x 104; sheep 5A, 2.5
X 104; sheep NIH, 3 x 104; goat DM, 2 x 104. The neutralizing titers of all the control globulin preparations were less than 1:10. Macrophages were tested from
each mouse individually, and the results are expressed as the mean ± standard error for five mice per group. 2-5A synthetase was determined on peritoneal
macrophages lysed 3 h after plating, and is expressed as picomoles of ATP polymerized per hour per microgram of protein. Virus yield per 0.2 ml log,( was
determined 18 h after infection of peritoneal macrophages in vitro. The difference between the mean level of 2-5A synthetase and VSV yield in peritoneal
macrophages from mice injected with anti-mouse interferon globulins and the mean level of 2-5A synthetase and VSV yield in peritoneal macrophages from
control mice (injected with control preparation or left untreated) was highly significant in all experiments. The significant values have been underlined.

was more than 100-fold greater in these macrophages than in
macrophages from control mice (Table 3).

Administration of interferon increases the level of 2-SA
synthetase in peritoneal macrophages. As injection of anti-
body to interferon resulted in a decrease in the level of 2-5A
synthetase in peritoneal macrophages, it was of interest to
determine the effect of administration of interferon c/, on
the level of the enzyme in macrophages. Accordingly, 4-
week-old female DBA/2 mice were injected i.p. daily for 4
days with 0.2 ml of a partially purified interferon preparation
having a titer of 10-6, or with a control preparation, or were
left untreated (there were five mice per group). The level of
2-5A synthetase in peritoneal macrophages of untreated
mice was 1.62 ± 1.1 pmol/h per ,ug of protein, 1.20 ± 0.26 for
control-treated mice, and 9.82 ± 1.79 for interferon-treated
mice. Thus, interferon administration clearly increased the
level of 2-SA synthetase in peritoneal macrophages (P <
0.01).

In another series of experiments, we incubated freshly
plated peritoneal macrophages from 4-week-old mice for 24
h with various amounts of interferon. A clear-cut increase
(three- to fourfold) in the level of 2-5A synthetase was
observed in macrophage cultures incubated with 100 or
1,000 U of partially purified mouse interferon ot/,8 (data not
shown).

TABLE 3. Injection of axenic Swiss mice with anti-interferon
globulin decreases the level of 2-SA synthetase in peritoneal

macrophages and renders them permissive for VSV"
Treatment 2-5A synthetaseb VSV yield'

Control hyperimmune 3.2 ± 0.6 2.1 ± 0 4
globulin (no. 11)

Anti-mouse interferon 1.8 ± 0.4 4.4 ± 0.1
globulin (no. 1-7)
a Five-week-old axenic Swiss mice were injected i.p. with 0.2 ml of the

indicated globulin 4 days before peritoneal cells were harvested. The activity
of 2-5A synthetase picomoles of ATP polymerized per hour per microgram of
protein) and VSV yield (loglo) were determined as described in the text. The
results are expressed as the mean + standard error for four mice per group.

b For these two values, P < 0.05.
C For these two values, P < 0.01.

Influence of mouse age on the level of 2-5A synthetase in
peritoneal macrophages and their permissivity for VSV. As
shown previously (4) and herein, macrophages from 4-week-
old DBA/2 mice were nonpermissive for VSV. However,
peritoneal macrophages from 1- and 2-week-old DBA/2 mice
were permissive for VSV, and the cells had low levels of
2-5A synthetase (Fig. 3). In contrast, peritoneal macro-
phages from 3- and 4-week-old DBA/2 mice were no longer
permissive for VSV, and levels of 2-5A synthetase were
increased.
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FIG. 3. Peritoneal macrophages were harvested from normal

DBA/2 mice. Macrophages were taken at 1 and 2 weeks from male
and female mice (five pools of two mice) and at 3 and 4 weeks from
five male mice per group. The results presented are the mean +
standard error for the levels of 2-5A synthetase (U) and VSV yield
(0) determined as previously described.
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TABLE 4. Effect of injection of 1-week-old DBA/2 mice with
interferon or anti-interferon globulin: level of 2-5A synthetase and

the permissivity for VSV in peritoneal macrophagesa
Treatment 2-5A synthetase VSV yield

None <0.5 3.6 ± 0.3
Anti-mouse interferon globulin 1.1 ± 0.6 3.6 + 0.3
Interferon 9.6 ± 0.8 <0.5

Newborn mice from three litters of DBA/2 mice were divided into three
groups: (i) untreated; (ii) injected i.p. with i05 neutralizing units of anti-
interferon globulin 1-7 four days before peritoneal cells were harvested; (iii)
injected daily i.p. and subcutaneously with 0.1 ml of interferon (x/I (titer, 6 x
105) on days 5 to 7. All mice were sacrificed on day 8. The activity of 2-5A
synthetase (picomoles of ATP polymerized per hour per microgram of
protein) and VSV yield (loglo) were determined as described in the text. The
results are expressed as the mean + standard error for five suckling mice per
group. Differences among values in each column were statistically significant
(P < 0.001).

The finding that peritoneal macrophages from 1-week-old
mice exhibited low levels of 2-5A synthetase activity and
were permissive for VSV suggested that either endogenous
biologically active interferon was not present in the peri-
tonea of these young mice or that their peritoneal macro-
phages were resistant to interferon action. To test these
possibilities, suckling mice were either injected with anti-
body to interferon a/13 or treated with interferon. Peritoneal
macrophages from untreated 1-week-old mice again exhib-
ited low levels of 2-5A synthetase and were permissive for
VSV (Table 4). Injection of these mice with antibody to
interferon ox/13 did not significantly alter these values, whereas
injection of interferon increased the level of 2-5A synthetase
in the peritoneal macrophages and rendered them totally
resistant to VSV.

In most of the experiments described herein, peritoneal
macrophages from 4-week-old mice were tested. In other
experiments, it was found that the peritoneal macrophages
from 8-week-old mice were also nonpermissive for VSV; but
at 4 and 6 months of age, peritoneal macrophages appeared
somewhat more permissive for VSV. Injection of 6-month-
old mice with antibody to interferon ox/ decreased the level
of 2-5A synthetase and rendered these cells completely
permissive for VSV. In contrast, administration of partially
purified interferon al/ (106 U) i.p. for 2 days markedly
increased the level of 2-5A synthetase and rendered the
peritoneal macrophages resistant to VSV (data not shown).

Level of 2-5A synthetase and permissivity for VSV in
suspensions of thymocytes and mesenteric lymph node cells
from mice injected with antibody to interferon or with inter-
feron. Thymocytes from untreated 6-week-old DBA/2 mice
had very low levels of 2-5A synthetase, and the cells were
fully permissive for VSV (Table 5). Injection of mice with
antibody to interferon cx/n did not significantly change these
values, whereas administration of interferon ot/l decreased
the permissivity of these cells for VSV. In contrast, mesen-
teric lymph node cells from untreated mice were relatively
nonpermissive. Injection of antibody to interferon decreased
the level of 2-5A synthetase and rendered the cells more
permissive, whereas injection of interferon markedly in-
creased the level of 2-5A synthetase and rendered mesen-
teric lymph node cells totally resistant to VSV.

DISCUSSION
The results presented herein showed that there was an

excellent inverse correlation between the level of 2-5A
synthetase in freshly explanted resting peritoneal macro-
phages and the permissivity of these cells for VSV (Fig. 1).
Thus, injection of potent antibody to interferon ox/13 (but not

to interferon -y) from three sheep and one goat (prepared in
three laboratories) resulted, in each experiment, in a clear-
cut decrease in the basal level of 2-5A synthetase in perito-
neal macrophages and was accompanied by a marked in-
crease in the permissivity of these cells for VSV (Table 2).
The extent of this effect of antibody on the level of 2-5A
synthetase and on VSV yield correlated with the amount of
antibody injected (Fig. 2). The basal level of 2-5A synthetase
in macrophages varied somewhat from one experiment to
another, although in each of 15 experiments, injection of
antibody to interferon consistently lowered the level of 2-SA
synthetase in peritoneal macrophages of 4-week-old mice
compared with control macrophages within a given experi-
ment. Similar variations in the basal level of 2-5A synthetase
in human Daudi cells have been previously reported (40).
There are considerable data suggesting that the 2-SA

system may play a role in the induction of the antiviral state
(reviewed in references 23 and 36). It is possible, therefore,
that the decrease in the basal level of 2-5A synthetase in
peritoneal macrophages induced by injection of antibody to
interferon oa/1 was causally related to the abrogation of the
antiviral state in these cells. On the other hand, it is entirely
possible that injection of antibody decreased the level of
2-5A synthetase in peritoneal macrophages and abrogated
the antiviral state, and that these two effects were not
causally related. There are, in fact, several examples of a

lack of correlation between the level of 2-5A synthetase and
the antiviral state (25, 36). Moreover, the work of Baglioni
and Nilsen suggests that 2-SA system may not be involved at
all in the inhibition of VSV multiplication in interferon-
treated cells (2). However, biological effects have been
ascribed to the 2-SA system other than participation in the
induction of an antiviral state, such as lymphocyte prolifer-
ation (19, 20), Friend cell differentiation (18), and regenera-
tion of rat liver after partial hepatectomy (8). In these
instances, the authors suggested that the changes in 2-5A
synthetase may have been related to changes in interferon
levels. The point we should like to stress from this work,
regardless of the biological role of 2-5A synthetase, is that
the decrease in the level of 2-5A synthetase in peritoneal
macrophages observed after injection of antibody to inter-
feron is further evidence for the presence of endogenous
interferon.

TABLE 5. Level of 2-5A synthetase and permissivity for VSV in
suspensions of thymocytes and mesenteric lymph node cells from

normal DBA/2 mice and from mice injected with antibody to
interferon a/c or with interferon ac/3a

Cells Treatment 2-5A synthetase VSV yield

Thymocytes None '0.10 4.3 ± 0.1b
Anti-interferon 0.2 ± 0.1 4.2 + 0.2b

globulin
Interferon 1.2 ± 0.8 2.0 ± 0.Ob

Mesenteric None 4.5 ± 0.5c 1.9 + 0.2
lymph node Anti-interferon 1.2 ± 0.4c 2.9 ± 0.1

globulin
Interferon 24.5 ± 0.7c .0.7

a Six-week-old male DBA/2 mice were divided into three groups of four
mice each: (i) untreated; (ii) injected i.p. with 105 neutralizing units of anti-
interferon globulin 1-7 4 days before cells were harvested; (iii) injected i.p.
with 0.2 ml of mouse interferon rx/1 (titer, 6 x 105) twice daily in the 2 days
preceding cell harvest. There were two pools of two mice for each group. The
activity of 2-SA synthetase (picomoles of ATP polymerized per hour per
microgram of protein) and VSV yield (log10) were determined as described in
the text. The results are expressed as the mean ± standard error.

b.c Differences among values in each of these groups were statistically
significant.
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Our results also show that the basal level of 2-5A synthe-
tase in peritoneal macrophages and the permissivity of these
cells for VSV changes in the early weeks of life. Thus, the
level of 2-5A synthetase in peritoneal macrophages from
normal 1- and 2-week-old DBA/2 mice was low, and these
cells were permissive for VSV, whereas the basal levels of
2-SA synthetase in these cells increased in 3- and 4-week-old
mice together with a loss of cellular permissivity for VSV
(Fig. 3). It seems likely that the low levels of 2-5A synthetase
activity and the permissivity for VSV in peritoneal macro-
phages of 1-week-old mice could be attributed to the absence
of biologically active interferon in the peritoneum rather than
to a resistance of these cells to interferon. Thus, injection of
1-week-old mice with antibody to interferon did not change
the levels of 2-SA synthetase or the permissivity of peritoneal
macrophages for VSV, whereas injection of interferon en-
hanced ninefold the level of 2-SA synthetase and rendered the
cells completely resistant to VSV (Table 4).

It is of interest that age is also an important factor in the
development of spontaneous spleen NK cell activity and
resistance to parental bone marrow grafts. Both activities
are low in mice under 3 weeks of age but develop rapidly
after the week 3 of life (17). Interferon has been considered
one of the important factors in modulating both of these
activities (32). We do not know whether these different
phenomena are related to developmental changes in the
mouse associated with the production of interferon or
whether they are dependent on environmental conditions.
Among the environmental conditions, one may consider the
role of bacterial flora. Antibody proved effective in axenic
mice (Table 3), but this does not rule out the presence of low
levels of endotoxin in the food that may have served as an
inducer of low levels of interferon.

Finally, although the work we have presented concerned
for the most part the state of resting peritoneal macrophages,
it seems likely that a similar situation obtains for some other
cells in mice. Shimizu and Sokawa (37) showed that the level
of 2-5A synthetase was higher in mouse splenocytes and
mesenteric lymph node cells than in thymocytes. Kimchi
(18) found that there were higher levels of 2-5A synthetase in
peripheral mature T lymphocytes of mice than in thymo-
cytes, and that there were higher levels of synthetase
activity in mature than in immature thymocytes. Our results
show that the level of 2-5A synthetase is indeed low in
thymocytes from 4-week-old DBA/2 mice and that these
cells are fully permissive for VSV. Injection of antibody to
interferon did not alter this state of permissivity. Thymo-
cytes, however, were responsive to exogenous interferon,
which induced an antiviral state in these cells (Table 5). In
contrast, mesenteric lymph node cells, like peritoneal
macrophages, exhibited higher basal levels of 2-5A synthe-
tase and were relatively nonpermissive for VSV. Injection of
antibody to interferon decreased the level of 2-SA synthetase
and increased the permissivity for VSV, whereas injection of
interferon induced the opposite effect. We suggest, there-
fore, that low levels of interferon may be produced locally
and preferentially in some tissues of normal adult mice and
may contribute to host defense by inducing and maintaining
an antiviral state in some cells.
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