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We have previously postulated that a 
membrane-bound receptor system is re- 
sponsible for the initial steps leading to the 
antiviral protection induced by interferon 
(1). Additional experiments using insoluble 
interferon (2) or ouabain ( 3 )  support this 
hypothesis. The role of the receptor system 
is also substantiated by the observation that 
antibodies directed against interferon block 
the establishment of the antiviral state in 
interferon-producing cells (4). The dose-re- 
sponse curves using either soluble or insolu- 
ble interferon are sigmoidal, thus suggesting 
a cooperative event in antiviral action. This 
cooperative event could occur at the recep- 
tor level as shown by studies using all 
hybrids (1, 5 ) .  

Since cooperative activation could involve 
individual receptors or a number of them, 
we wondered whether the mobility of such 
receptors is important or not in interferon 
action. The microtubule and microfilament 
systems, among other properties (6), have 
been associated with the mobility of mem- 
brane-bound proteins (7). It was therefore 
of interest to study the effect on interferon 
action of cytochalasin B, colchicine, and 
vinblastine, which are known to disrupt 
these systems (8, 9). 

Materials and methods. Mouse L929 cells 
were cultivated in 35-mm petri dishes (7 X 
lo5 cells per dish) in Eagle's minimum es- 
sential medium (MEM) containing 10% calf 
serum. Murine interferon was produced in 
LM cells induced by Newcastle disease virus 
(NDV) following standard procedures. The 
preparations used in these experiments con- 
tained 600 interferon reference units (sp 
act: 2.5 X lo4 units/mg of protein). The 
L929 cells were treated with interferon and 
simultaneously with cytochalasin B (Calbi- 
ochem), colchicine (Sigma), or vinblastine 
sulfate (Sigma), alone or in combination at 
the final concentration of 5 pg/ml. After 4 

hr of incubation, the medium and drugs 
were removed and cells were challenged 
with encephalomyocarditis virus (EMC) at a 
multiplicity of infection (m.0.i.) = 1 for 1 
hr. The viral yield was measured by plaque 
titration after 18 hr of incubation at 37". 

Effect of the drugs on cellular RNA and 
protein synthesis was estimated as follows: 
cells were labeled with 14C-amino acid (pro- 
tein hydrolysate of ChEorella vulgaris, sp act 
810 pCi/mg) at a concentration of 0.2 pCi/ 
ml, and [3H]uridine (sp act 25 Ci/mmole) at 
a concentration of 1 pCi/ml (both pur- 
chased from C .E .A. Saclay, France), which 
were added to confluent monolayers of L 
cells. Cytochalasin B , colchicine, or vinblas- 
tine were added simultaneously at a concen- 
tration of 5 pg/ml. After 4 hr of incubation 
at 37", cells were washed three times with 
cold PBS, then 0.3% SDS was added for 20 
min at 37". TCA (10%) was added for 1 hr 
at O", and after centrifugation, the precipi- 
tate was washed with 5% TCA and dis- 
solved in ammonium. Both the acid-soluble 
and insoluble fractions were counted using 
Bray's scintillator fluid. 

Results and discussion. As shown in Table 
I ,  when L cells were treated simultaneously 
with murine interferon and either cytochal- 
asin B, colchicine, or vinblastine, all three 
drugs significantly decreased the antiviral 
properties of interferon. However, the asso- 
ciation of cytochalasin B either with colchi- 
cine or vinblastine inhibited even to a 
greater extent the antiviral action of inter- 
feron. The association of vinblastine and 
colchicine was less efficient. 

Since for interferon action the integrity of 
cell protein synthesis is requisite, it was of 
importance to find out whether or not such a 
modification of the cell metabolism could 
explain the observed results. Therefore in a 
parallel series of experiments, we explored 
the effect on RNA and protein synthesis of 
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these three drugs, used alone or  in combina- 
tion. As shown in Table 11, during the 4-hr 
duration of the experiment at the concentra- 
tion employed, they did not produce detect- 
able changes in the incorporation of 14C- 
labeled amino acid into the cell. 

In further experiments, when cells were 
labeled with [3H]uridine in the presence of 
the different drugs, no significant change in 
[3H]uridine incorporation was observed 
either in the cellular pool or in the acid- 
insoluble fraction, except in the case of cyto- 
chalasin B. When this drug was added to the 
cells in the presence of labeled uridine for 4 
hr, a 50% decrease in uridine incorporation 
into RNA was observed. Since a similar 
decrease was noted in the acid-soluble frac- 

tion, this reflected in fact a diminution in the 
intracellular pool of [3H]uridine. When the 
cells were labeled for 5 min and then 
washed prior to the addition of the drug, 
uridine incorporation in the acid-insoluble 
compartment was similar to untreated cells 
(Fig. 1). Thus, cellular RNA synthesis is not 
really involved in the anti-interferon effect 
of cytochalasin B. 

Likewise, the inhibition of glucose uptake 
by cytochalasin B is probably not the expla- 
nation of the decreased response of the cells 
to interferon. The absence of glucose in the 
medium during the experiment did not af- 
fect the establishment of the antiviral state 
(unpublished experiments). 

Previous investigations on the mechanism 

TABLE I. EFFECT OF CYTOCHALASIN B, COLCHICINE, A N D  VINBLASTINE ON INTERFERON ACTION.' 

Experiment 1 Experiment 2 Experiment 3 

IF MEM IF MEM IF MEM 

Control 2.7 x lo6 6.2 x lo8 lo5 2.3 X 108 5.6 X lo6 8 X lo8 
Cytochalasin B 2.5 x 107 7 x 108 2 x 106 3 x 108 2 x 107 1 x 109 
Colchicine 1.7 x lo7 4.6 x 108 - - 2.7 x 107 3.3 x 109 
Vinblastine - - 4 x 106 2.6 x 108 3.5 x 107 9 x 108 
Cytochalasin B + col- 6.3 x lo7 5 x lo8 - - 3 x 107 7.6 x 108 

Cytochalasin B + vin- - - 1.3 x 107 1.5 x 108 7.2 x 107 7 x 108 

Colchicine + vinblas- - - - - 4.4 x lo7 8 x lo8 

chicine 

blastine 

tine 

L cells were treated with interferon (IF) and simultaneously with cytochalasin B, colchicine, and vinblastine, 
alone or in combination. After 4 hr of treatment, interferon and drugs were eliminated and cells were infected with 
EMC. The viral yield is expressed in plaque-forming units per milliliter. The standard error of the titration 
measured after 10 independent estimations of the same suspension is 20.11 log for P < 0.01. 

TABLE 11. EFFECT OF CYTOCHALASIN B, COLCHICINE, AND VINBLASTINE ON CELLULAR RNA AND PROTEIN 
 SYNTHESIS.^ 

Acid soluble frac- Acid-insoluble frac- 
tion tion 

(3 24,3 76)d (1 2 1,041)* 

Cytochalasin B 
Colchicine 
Vinblastine 
Cytochalasin B + 

colchicine 
Cytochalasin B + 

vinblastine 
Vinblastine + col- 

chicine 

58.666 2 10.38" 6 2 . P  +- 13.13 
97.6 2 2.85 103.4 * 12.33 

99.66 ? 13.65 101.33 ? 12.23 
5 3 . 9  2 10.49 586 2 13.46 

70.5b k 6.42 7 1 9  ? 2.75 

96.66 -+ 2.85 100.33 ? 2.48 

''C-labeled amino acids 

Acid-soluble frac- Acid-insoluble 
tion fraction 

( 14,49qd (6 3 68)* 

101.2 ? 13.77 

93.33 2 4.60 

99.2 -t 2.82 

98.33 2 10.32 
98.4 ? 9.77 100.8 2 8.72 

93.60 ? 4.42 103.4 2 12.17 

92 * 2.42 90.5 k 8.25 

95.33 2 13.01 95.66 ? 11.93 

' 14C-labeled amino acid and [3H]uridine incorporation in cellular RNA and protein was measured as described 
in Materials and Methods. The results are expressed in percentage as compared to the control and calculated on 
the basis of three independent experiments. 

Statistically different from the control for P < 0.01. 
Each entry represents mean ? SE for P < 0.05. 

* cpm in control cells (mean of three experiments). 
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of action of the three drugs here studied 
have shown that they are able to modify 
cellular response to lectins in the absence 
of any detectable competition for binding 
sites. In the case of both leukocytes (10) and 
transformed cells (1 1 ), colchicine or vin- 
blastine decreased cell agglutination pro- 
duced by concanavaline A. Similar findings 
were obtained with cytochalasin B (1 2). The 
authors suggested that topographic modifi- 
cations in the membrane-bound receptors 
induced by the drugs could explain their 
results. In addition, using freeze-etch elec- 
tron microscopy, a modification in the dis- 
tribution of membrane-intercalating parti- 
cles was observed after treatment with col- 
chicine (1 3). 

In our studies, although the drugs were 
effective alone, their potency increased 
when associated. Blockage of interferon ac- 
tion was always obtained in the absence of 
any detectable modification of cellular RNA 
or protein synthesis. This view is also sup- 
ported by the observation that at concentra- 
tions here employed, colchicine and vinblas- 
tine (14) and cytochalasin B (1 5 )  do not de- 
crease interferon synthesis. Thus, the integ- 
rity of microfilaments and microtubules 
seems to be necessary for the induction of 
the antiviral effect by interferon. They could 
either modify the stability of membrane- 
bound interferon receptors or prevent an 
association between receptors or other com- 
ponents requisite for the initiation and am- 
plification of the cellular response to this 
substance. Likewise, the disruption of mi- 
crotubules could interfere with receptor-cy- 
toplasmic interactions as previously sug- 
gested (1 6-1 8). 

It is unlikely, however, that the known 
modifications in the active uptake of glucose 
due to cytochalasin B could explain our re- 
sults. The observed decrease of uridine up- 
take is probably also not involved in the loss 
of the antiviral effect of interferon. In our 
experimental conditions, no change in the 
amino acid uptake is noted in contrast to a 
previous report (19), perhaps because of the 
smaller drug concentrations employed. 

It can be concluded from our studies that 
the drug-induced decrease of interferon ac- 
tivity is due to modifications of the cell 
membrane structure. This could be related 
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FIG. 1 .  Incorporation of [3H]uridine into RNA in 
the presence of cytochalasin B. [3H]Uridine ( 5  pCilml) 
was added to L cells for 5 min at 37". After removal of 
uridine and three washings with MEM, cytochalasin B 
( 5  pg/ml) was added. At different time periods, cells 
were washed in cold PBS and treated as described in 
Methods. 0-0 MEM; 0- - -0 cytochalasin B.  

to the inhibitory effect of ouabain on the 
interferon-induced antiviral state (3).  It is 
also possible, however, that other presently 
unknown properties of these inhibitors 
could contribute to explain these results. 

Summary. Cytochalasin B , colchicine, 
and vinblastine decrease the antiviral effect 
of interferon when added to cells simultane- 
ously with interferon. The drugs are effec- 
tive alone but their potency increases when 
used in combination. The lack of develop- 
ment of the antiviral state is observed with- 
out any detectable modifications in cellular 
RNA or protein synthesis. These drugs are 
known to disrupt microtubules and microfil- 
aments which are therefore probably neces- 
sary for interferon action. They could be 
involved in the distribution of membrane- 
associated receptors and/or in interactions 
between receptors and the cytoplasma. The 
initial steps leading to the establishment of 
antiviral protection by interferon could de- 
pend on these mechanisms. 
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