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Interferon Production in vitro by Cells Infected with the
Murine Salivary Gland Virus.* (29625)
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Infection with the murine salivary gland
virus (MSGV) characteristically results in a
chronic inapparent infection evidenced by
persistent demonstrable virus and intranu-
clear inclusions in the salivary glands of
mice(1,2). On this basis it seems, therefore,
that MSGV may serve as an ideal experimen-
tal tool for investigation of viral latency. Ini-
tial attempts to define the host-virus rela-
tionship have led to demonstration of an in-
terfering substance produced iz vitro.

In this report, the effect of this interfering
substance on a heterologous virus as well as
some of its properties are described. The re-
sults indicate that this interfering substance
has many properties similar to those of inter-
feron(3,4).

Materials and methods. Cell cultures. “L”
cells, Strain 929, were serially propagated in
1-liter bottles using a growth medium com-
posed of 95% Earle’s balanced salt solution,

* Supported by grants from Otho S. A. Sprague
Memorial Inst. and from Inst. of General Medical
Sciences (2G-129), Nat. Inst. Health, USPHS.

amino acids and vitamins specified by Eagle
(5), 5% calf serum, 100 units/ml penicillin,
100 pg/ml streptomycin, 100 pug/ml Kantrex,
and 10 pg/ml Fungizone. Monolayers were
prepared by versenating the cells, resuspend-
ing in medium, and adding 1 X 10° cells to
each 60 mm plastic Petri dish. Monolayers
were used after 24 hours of incubation in an
atmosphere of 5% COs in air at 37°C.

Mouse embryonic fibroblasts, prepared by
the method of Youngner(6) using 13-15 day-
old embryos from SWR/J mice, were grown
in 1-liter bottles using the same medium as
for the “L” cells. Monolayer cultures in 60
mm Petri dishes were prepared by trypsiniz-
ing densely populated bottle cultures, resus-
pending the cells in medium, and then adding
1.5 X 108 cells to each dish. Cultures were
used 24 to 48 hours later.

Viruses. Mice chronically infected with
MSGV were obtained through the courtesy
of Dr. Henry Pinkerton. Using a procedure
similar to that reported by Smith(7), bottle
cultures of mouse embryonic fibroblasts were
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readily infected and the virus serially passed
as described(8). In tissue culture, MSGV
was readily identified by its unique cyto-
pathology(7,8). Viral interference studies
were undertaken after the second passage.

Encephalomyocarditis virus (EMC, rt)
was kindly supplied by Dr. K. K. Takemoto.
Stocks were prepared in “L” cells, divided
into small aliquots, and stored at —20°C.

Virus assay. MSGV was assayed by the
plaque method(8) except that the cultures
were maintained in an atmosphere of 5%
CO. in air and the Tris buffer was omitted.
After 3 days, 2 ml of agar overlay medium
was added on top of the initial overlay and,
after 5 days, the cultures were stained with
neutral red (1/20,000). Plaques were counted
on the following day.

EMC was plaque assayed in “L” cell
monolayers using 100 pg diethylaminoethyl
(DEAE) dextran/ml (Pharmacia, Uppsala,
Sweden) to facilitate plaque development
(9). Monolayers were stained with neutral
red (1/20,000) at 36 hours and the plaques
counted at 48 hours.

Preparation of interferon. Bottle cultures
of primary or secondary mouse embryonic
fibroblasts were infected with approximately
1.0 X 10° plaque-forming units/ml of
MSGV and incubated until all cells showed a
cytopathic effect, usually 3-5 days. At this
time, the culture medium was collected, cen-
trifuged at 1500 rpm for 10 minutes and then
used for interference studies, subsequently
described. Control medium was obtained
from uninfected bottle cultures of mouse em-
bryonic fibroblasts carried in parallel and
treated in a similar manner as the infected
cultures.

Interferon assay. “L” cell monolayers were
inoculated with approximately 0.001 to
0.000! plaque-forming units of EMC per cell
for 15 minutes after which time the cultures
were washed once with Hanks’ balanced salt
solution. Then, 5 ml of medium from the
MSGYV infected bottle cultures (hereafter re-
ferred to as MSGV medium) were added to
each plate. After 24 hours of incubation, the
cultures were checked for cytopathic effect
(CPE), frozen and thawed, and then titrated
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TABLE I. Result of MSGV Medium, Control
Medium, and Fresh Growth Medium on 24 Hour
EMC Titer and CPE.

CPE* PFUs/mlt
MSGYV culture medium 14+ 2.5 X 10°
Control ” 3+ 5.0 X 10¢
Fresh growth ” 34 7.5 X 108

* Expressed as both size and number of infected
foci, 14 approximately 25% cells infected, 34,
about 75%.

t Plaque-forming units/ml.

for EMC. Control cultures received 5 ml of
the control medium from the uninfected
bottle cultures. Additional controls consist-
ing of fresh growth medium were also used
in some experiments,

Results. The effect of MSGV medium,
control medium from uninfected bottle cul-
tures, and fresh growth medium on the 24-
hour EMC titer and CPE is shown in Table
I. In all experiments, a consistent reduction
in EMC titer was obtained using the medium
from two separately isolated strains of
MSGV.

Serial 2-fold dilutions of the MSGV medi-
um in fresh growth medium resulted in a
proportional increase in the titer of EMC,
suggesting that its inhibitory effect was not
the result of a missing growth factor but due
to the serial dilution of an interfering sub-
stance. Significant interference was still de-
tected even after the MSGV medium was
diluted 1/16. In most of the subsequent ex-
periments the MSGV medium was diluted
with equal volumes of fresh growth medium
prior to interference studies.

To rule out the possibility of MSGV infec-
tion and multiplication in “L” cells as the
interfering mechanism, “L” cells were frozen
at various times following inoculation with
high titers of MSGV. After 24, 48, and 72
hours of incubation, no CPE was observed
nor could MSGV replication be demonstrated
by back titration in mouse embryonic fibro-
blasts. To test for possible interferon pro-
duction by “L” cells when exposed to MSGV,
“L” cell monolayers were incubated with
high titer MSGV medium for 24 hours. Then,
after freeze-thawing, the medium was col-
lected and assayed for interferon as de-
scribed. The results indicated that “L” cells
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TABLE II. Effect of Ultracentrifugation, Anti-
body, and Aeid on MSGV and MSGV-Induced

Interferon.
EMC MSGV
titer* titer*
Control medium 5.0 % 108 —
MSGV medium 4.7 X 10° 1.0 X 10°
MSGV medium 90,000 X ¢ 2.0 X 105 8.6 X 10*
Idem -+ MSGYV antiserum 2.0 X 10° 0
Control medium 90,000 X ¢ 1.3 X 10° —
+ MSGYV antiserum
MSGV medium dialyzed 5.0 X 108 0
atpH 2
Control medium dialyzed 3.2 X 10¢ —
atpH 2
MSGV medium + .1 g% 7.5 X 108 0
trypsin
Control medium 4+ .1 g% 3.0 X 108 —
trypsin

* Plaque-forming units/ml.

after 24 hours exposure to high titer MSGV
medium did not produce any detectable in-
crease in interferon over and above that ini-
tially present in the medium. Thus the de-
crease in EMC titer was not the result of
MSGV replication nor detectable interferon
production by the “L” cells.

Effect of pretreatment. “L” cell monolay-
ers pretreated with control medium or
MSGV medium for 18 hours were washed
once and infected with EMC as described.
After washing with Hanks’ solution, 5 ml of
fresh medium was added to each of the cul-
tures and the EMC titered after 24 hours.
The reduction in the EMC titer was of the
same order of magnitude as in cultures which
received MSGV medium immediately after
infection.

Effects of ultracemtrifugation and MSGV
antibody. Aliquots of MSGV medium and
control medium were centrifuged for 2 peri-
ods of 60 minutes each at 90,000 X g in the
model L Spinco ultracentrifuge. Samples of
the supernatant were then treated with
MSGYV neutralizing antiserum obtained from
chronically infected mice. Titration of re-
sidual MSGV in the supernatant demon-
strated marked reduction of the virus follow-
ing centrifugation and complete elimination
following addition of the antiserum. The re-
sults (Table IT) indicated that the interfer-
ing material when tested as described was
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not sedimented in the ultracentrifuge nor
affected with anti-MSGV serum.

Effects of acid, trypsin and heat. Addi-
tional evidence for the non-viral identity of
the interfering substance was obtained fol-
lowing treatment at pH 2. Aliquots of MSGV
medium and control medium were dialyzed
for 16 hours against 0.01 N HCI in isotonic
saline at 4°C and then against 2 changes of
phosphate-buffered saline adjusted to pH 7.2.
Titration of the MSGV before and after
acidification revealed complete inactivation
of the virus following dialysis at pH 2. Ad-
dition of this acid treated medium to “L”
cells immediately after the 15-minute EMC
adsorption period produced approximately
the same reduction in the 24-hour EMC
vield as untreated MSGV medium (Table
1I).

Treatment of the MSGV medium with 0.1
gram% trypsin for 8 hours at 37°C not only
eliminated MSGV but also inactivated the
interfering substance (Table II).

Heating the MSGV medium at 60°C in a
water bath for one hour resulted in a marked
reduction in interferon activity and complete
inactivation of MSGV.

Course of interferon production. Mono-
layer cultures of mouse embryonic fibro-
blasts in 60 mm Petri dishes were inoculated
with 1.5 X 10* plaque-forming units of
MSGV. Following a 60-minute adsorption
period the cultures were washed once and
then 5 ml of fresh medium added to each
dish. Control plates were treated in a similar
manner, but not infected with MSGV. At
various times after infection, both MSGV in-
fected and control plates were frozen and the
medium from the infected plates subsequent-
ly assayed for MSGV and interferon activity
in the usual manner, using medium from the
uninfected monolayers as control medium.
Fig. 1 shows the corresponding increase in
MSGV and interferon activity.

Interferon titration by plaque reduction.
The following experiments indicate that a
plaque reduction method(10) can be utilized
to titrate the interferon. “L” cell monolayers
were incubated with either MSGV medium
or control medium, 5 ml being used in each
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FIG. 1. Increase of interferon activity with in-
creasing titer of MSGV. Solid line—MSGV titer,
dashed line—interferon titer. Interferon was assayed
as described in Materials and Methods. Interferon
titer is expressed as the logi, of the ratio of the EMC
titer obtained on control medium to the EMC titer
obtained on MSGV medium.

plate. After 18 hours, the media were re-
moved and the plates infected with approxi-
mately 40 plaque-forming units of EMC in
0.2 ml of Hanks’ balanced salt solution. After
20 minutes of adsorption, the monolayers
were covered with 5 ml of agar overlay medi-
um containing 100 ug/ml DEAE, stained 36
hours later, and the plaques counted at 48
hours. The results are presented in Table
ITII. In addition to the marked reduction in
count, plaques in the experimental group
TABLE III. Reduction in Number of EMC

Plaques in ““‘L’°’ Cell Monolayers Pretreated for
18 Hours with MSGV Culture Medium.

Plaques per plate
Plate No. I II IIT
Control medium 35 44 40
MSGV ” 12 10 12

THYROXIN AND ERYTHROPOIESIS

were approximately half the diameter of
those in control plates.

Summary. Using a heterologous virus-cell
system, an EMC virus interfering substance
having many properties similar to those of
interferon(3,4) was detected in the growth
medium from mouse embryo cell cultures in-
fected with the murine salivary gland virus.
The interfering material was non-dialyzable,
heat labile at 60°C for one hour, stable at
pH 2, not affected by MSGV antiserum, not
sedimented at 90,000 X g, and was active in
a cell system unable to support MSGV repli-
cation. In infected cultures, the rise in MSGV
titer was associated with a corresponding rise
in the interferon activity. Efforts to relate
interferon production to latency i vivo are
in progress.

The authors would like to thank Mr. John Gehrke
for his excellent technical assistance.
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It seems certain that the thyroid plays a
role in the process of erythropoiesis. Most
workers have correlated this effect with the
well known role of the thyroid gland in regu-
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