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Recent studies indicate that binding of 
interferon to ganglioside or ganglioside-like 
oligosacharide surface receptors is a neces- 
sary first step for the establishment of anti- 
viral activity (1-3). Cholera toxin and the 
glycoprotein hormones thyreotropin (TSH) 
and human chorionic gonadotropin (hCG) 
bind to gangliosides with similar but slightly 
different carbohydrate specificity. The mon- 
osiaioganglioside G,, seems to be one spe- 
cific receptor for cholera toxin. The ganglio- 
side binds cholera toxin and blocks its action 
(4). Both cholera toxin and the glycoprotein 
hormones inhibit the induction of antiviral 
state of interferon, supporting the notion of 
common binding sites on the cell membrane 

Besides its classical antiviral effect inter- 
ferons are known to influence numerous 
cellular functions, fe . cell growth, phago- 
cytic activity, antigen expression etc. com- 
monly described as nonantiviral activities. 
The cell growth inhibitory activity is proba- 
bly the most important and certainly the 
most thoroughly studied of these activities. 
It seems reasonable to believe that reaction 
with surface membrane receptors might be 
a common step in development of the var- 
ious effects of interferons. We, therefore, 
examined whether cholera toxin could in- 
hibit the growth inhibitory activity of inter- 
feron and correlated it to the inhibition of 
antiviral activity. The present communica- 
tion shows that the two different activities 
are inhibited by the addition of cholera 
toxin to a comparable extent. Since most of 
the earlier studies were performed on mu- 
rine cells with murine interferon we ex- 
tended the phenomenon to include human 
cells and human interferon. 

Materials and methods. Cells. The human 
amnion U-cell line was originally obtained 
from Dr K. Cantell, Helsinki. The U cells 
were grown in Eagle's Minimal essential 
medium (MEM) with addition of 10% calf 

(135). 

serum, and maintained in MEM with 5 or 
2 %  calf serum. 

Reagents. Cholera enterotoxin was pur- 
chased from Schwarz-Mann. A M 
stock solution was prepared in Tris buffer 
and kept at -20". Further dilutions were 
prepared in MEM immediately before use. 

Interferon. Partially purified human leu- 
kocyte interferon was a gift from Dr K. 
Cantell, Helsinki. It was assayed by an 
infectivity inhibition microtest (6) employ- 
ing U cells and Vesicular stomatitis virus 
(VSV). The titers are expressed in interna- 
tional standard reference units (69/19). 

Antiviral activity was also assayed by the 
effect on virus yield. One day old U cells, 
about 10" cells per tube were treated with 
interferon and with cholera toxin as de- 
scribed in the results section. After incuba- 
tion overnight the cells were washed and 
infected with lo3 TCID of VSV. After 18 
hr incubation the cultures were frozen and 
thawed and assayed for infectious virus 
yields in U cells. Cytopathic effect (CPE) 
was read after 72 hr incubation. The titers 
are given as the highest dilution showing 
CPE in half of the tubes determined by the 
method of Reed and Muench. 

Assay of cell growth inhibitory activity. 
Culture tubes were seeded with lo5 U cells 
in 1 ml of MEM with 2% calf serum, 
containing cholera toxin and interferon as 
indicated in the results section. The cultures 
were incubated at 37" in 5% C 0 2  atmos- 
phere. After 72 hr the monolayers were 
treated with trypsin-versene and the cells 
were counted in a hemocytometer. Each 
value given in the results represents the 
mean of at least five parallel cultures. 

Results. The data in Fig. 1 show that 
interferon dose-dependently reduced the 
yield of VSV produced in U cells. When 
lop9 or lop7 M cholera toxin was added to 
the cells together with interferon the anti- 
viral activity was reduced. With 50 units of 
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interferon there was a significant reduction 
of interferon effect with both lop9 and lop7 
M toxin. Addition of lop7 M cholera toxin 
also reduced the antiviral titer of an inter- 
feron preparation tested in an infectivity 
inhibition microtest (Table I ) .  This effect 
was more pronounced if the cells were pre- 
treated with the toxin for 2 hr prior to 
addition of interferon. If toxin was added 2 
hr after interferon no effect was observed. 

The number of cultured U cells increased 
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FIG. 1 .  Effect of cholera toxin on the antiviral 
activity of interferon. One day old U-cells, about 1oj 
cells per tube, were treated with 10 or 50 unitslml of 
human leukocyte interferon with or without presence 
of lo-' or 1 O-!' M cholera toxin or cholera toxin alone. 
The toxin was added together with interferon. After 
incubation overnight the cells were infected with lo3 
TCID of VSV. After 18 hr incubation the cultures 
were frozen and thawed and assayed for infectious 
virus yields. 

TABLE I .  EFFECT OF CHOLERA TOXIN ON 
INTERFERON TITER. a 

Interferon titer 
1W7M Cholera toxin (log,,, units) 

0 2.85 
Added together with interferon 2.45 
Added 2 hr before interferon 1.65 
Added 2 hr after interferon 2.85 

a A sample of human leukocyte interferon was 
assayed by an infectivity inhibition microtest. Cholera 
toxin was added to the cells 2 hr before. at the same 
time or 2 hr after interferon and incubated overnight. 
The cells were then washed and infected with VSV. 
All cultures were examined for development of CPE 
after 3 davs incubation. 

from 1 x lo5 to 2.8-5.1 x 1Oj after 3 days 
incubation. Growth of U cells was dose- 
dependently inhibited by interferon (Fig. 2 
and Table 11). Addition of M toxidn 
greatly reduced this effect. Higher concen- 
trations than M of the toxin were 
slightly inhibitory itself, but M alone 
had no effect on the cell growth. The effect 
of cholera toxin on the interferon-produced 
growth inhibition was more pronounced if 
the cells were pretreated prior to addition 
of interferon, and less if added after the 
interferon (Table 11). 

Discussion. Cholera enterotoxin reduced 
two different activities of human interferon: 
induction of antiviral state and the cell 
growth inhibitory activity. The suggested 
mechanism of cholera toxin effect is an 
interaction with membrane surface recep- 
tors (1). Cholera toxin reacts with ganglio- 
sides, especially G,, (4) and either directly 
or indirectly interferes with or blocks the 
interferon interaction with these structures 
(1). Alternative mechanism may be simply 
an alteration of the cell surface making the 

2.8 

I 

6 

5 

mg .4 

x 

4n 
2 . 3  
W 
0 

2 

1 

2. 

c. TOXIN I O - ~ M  

I F  IF IF IF 
1ou l0OU 1ou IOOU 

FIG. 2. Effect of cholera toxin on the cell growth 
inhibitory activity of interferon. U cells were seeded in 
Eagles MEM, about lo5 cells per tube. Parallel tubes 
were added 10 or SO unitslml of human leukocyte 
interferon, M cholera toxin or interferon and 
toxin at the same time. After 3 days incubation the 
monolayers were trypsinized and the cells counted. 
The columns represent the mean of five tubes. 
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TABLE 11. EFFECT OF INTERFERON AND CHOLERA 
TOXIN ON GROWrH OF u CELLS.' 

Reduction of 
cell growth 

(% of control) Treatment of cells 
Interferon, 100 units 
Interferon, 100 units + C. 76.0 & 6.8* * 
Interferon, 100 units + C. 59.0 ? 4.5** 

C. toxin, M + Interferon, 77.0 k 3.6** * 
Interferon, 500 units 40.6 2 4.0** 
Interferon, 500 units + C. 86.6 2 7.6** 

C. toxin, lo-* M 96 
C. toxin, M 98 

55.6 2 8.6* 

toxin, 1 OP9 M , same time 

toxin, lop9 M ,  2 hr later 

100 units, 2 hr later 

toxin, lo-* M ,  same time 

(I U cells were seeded in medium containing inter- 
feron, C. toxin or both. After 3 days incubation the 
monolayers were trypsinized and the cells counted. 

* P < 0.01 compared with 100 units interferon, by 
t test. 

P < 0.01 compared with 100 units interferon + 
C. toxin same time. 

P < 0.02 compared with 100 units interferon + 
C. toxin 2 hr later. 

P < 0.01 compared with 500 units interferon. 
* Mean of five experiments 2 SD. 

** Mean of three experiments & SD. 

membrane less receptible for interferon. 
One has to consider the possible role of 

cyclic nucleotides. It has been suggested 
that cyclic AMP acts as a second messenger 
to substances which interact with the cell 
surface from without, fe. insulin and other 
hormones. Also interferon acts on the cell 
surface possibly without entering the cell 
(7-9), and it influences intracellular cAMP 
levels (10). Cholera toxin increases the ac- 
cumulation of cAMP intracellularly (1 1). 
However, cAMP seems to have an enhanc- 
ing effect on antiviral activity (12, 13) and 
usually an inhibiting effect on cell growth 
(14), the opposite of the observed effect of 
cholera toxin. It is therefore not very likely 
that the observed effect of cholera toxin is 
mediated by CAMP. 

The effects on antiviral state and on cell 
growth were obtained by the same concen- 
trations of the cholera toxin, and they had 
comparable kinetics suggesting that the step 
inhibited by cholera toxin is the same or 
related for the two different activities. Fur- 

thermore that cholera toxin blocks an early 
phase of the interferon action expressed 
both as antiviral activity and cell growth 
inhibitory activity. Finally the present find- 
ings, obtained with human cells and human 
interferon show that the effect of cholera 
toxin is not restricted to the murine system. 

Summary. Cholera enterotoxin reduced 
the antiviral activity and the cell growth 
inhibitory activity of human leukocyte inter- 
feron. Both effects were more pronounced 
if the cells were treated with toxin before 
interferon and less if toxin was added after 
interferon. 
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