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Abstract. A study has been initiated to determine the influence of prostaglandins on virus 
replication and its relationship to the interferon system. In the present study, data are 
presented which show that pretreatment of cells in culture with prostaglandin E results in 
(i) a reduction in the yields of Mengo, MM and polio viruses, (ii) enhanced yields of inter- 
feron, and (iii) inhibition of cell division. 

Prostaglandins (PGs) appear to be in- 
volved in the interaction of viruses with 
host cells. However, very little work has 
been done to determine the effect of PGs on 
viral replication and/or interferon (IFN) 
production. Depending on the concentra- 
tion used, PGE2, PGEZa, and PGF2, were 
reported to either increase or decrease the 
yield and spread of herpesvirus simplex 
(1, 2) and to suppress the replication of 
parainfluenza-3 virus (3) in cell cultures. 
PGs (A series) have recently been shown to 
inhibit the replication of Sendai virus in Af- 
rican green monkey kidney cells (4). Sev- 
eral PGs have been reported to restore the 
ability of hyporeactive animals to produce 
IFN in response to induction with a viral 
agent (5). In the present study, we report 
that pretreatment of cells in culture with 
PGE, results in (i) a reduction in the repli- 
cation of Mengo, MM, and polio viruses, 
(ii) enhanced yields of IFN, (iii) inhibition 
of cell division. 

Materials and Methods. Cells. L929 (L 
cells) and HeLa cells (S-3 clone) were 
grown in Dulbecco's modified MEM supple- 
mented with 10% fetal calf serum (DMEM). 
Monolayer cultures for experiments were 
prepared by adding approximately 1.5 x 
lo6 cells in 5 ml DMEM to 60-mm plastic 
dishes 18-24 hr prior to use. 

Viruses. Poliovirus Brunhilde type 1 was 
obtained from the American Type Culture 
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Collection, Rockville, Maryland, and was 
propagated and titered in HeLa cells. Stock 
suspensions of encephalomyocarditis virus 
(strains MM and Mengo) were prepared and 
titered by methods previously described 
(6). For infection of experimental cultures, 
virus stocks were diluted in Hanks' bal- 
anced salt solution supplemented with 2% 
fetal calf serum (HBSS) to give a multiplic- 
ity of infection (m.0.i.) of either 10 or 1 
plaque-forming units (PFU) per cell as indi- 
cated. The virus inoculum was adsorbed for 
1 hr at 25" after which each cell culture was 
washed twice with HBSS and 5 ml DMEM 
added. After 24 hr at 37", the cells of each 
culture were scraped with a rubber police- 
man into the culture fluid. The resulting 
suspensions were then sonicated (Heat 
Systems Model W-220F; power setting 3) 
for 10 sec to release cell-associated virus. 
The cell debris was removed by low-speed 
centrifugation (1500g, 5 min) and the super- 
natant fluids assayed for PFU content. 

Interferon assay.  Twenty-four hours 
after infection, 1 ml of supernatant fluid 
was collected from each culture to be tested 
for IFN content. To inactivate the virus, 
the samples were adjusted to pH 2.0 with 1 
N HC1 for a period of 4 days at 5". Inter- 
feron activity was determined by the 50% 
plaque reduction (PR5,J technique using 
MM virus as the challenge agent (7). Each 
PR5,-, unit by this method is equivalent to 0.5 
NIH (GOO2-904-5 11) reference unit. 

Prostaglandin. Prostaglandin (PG) El, 
purchased from Sigma Chemical Company, 
was stored as 5 mg/ml solution in 95% 
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ethanol at 5" and was diluted in DMEM just 
prior to use. 

Results. Pretreatment of cell cultures for 
24 hr with PGE, at concentrations of 25 
pg/ml and above resulted in reduced yields 
of Mengo (Table I), MM (Table 11), and 
polio (Table 111) viruses. Similar reductions 
in the amount of infectious virus produced 
per cell were obtained when cell cultures 
were treated with 10 pg PGE,/ml for at least 
48 hr (Table IV). The data in Table IV also 
show that prolonged treatment of HeLa and 
L cells with PGE, resulted in an inhibition 
of cell division. Cell viability as measured 
by the uptake of neutral red remained at 
control levels (90-95%) following treat- 
ment with all doses of PGE1, except 100 
pg/ml where it dropped to about 80% (data 
not shown). 

Production of L cell IFN in response to 
MM virus infection was increased in cells 
pretreated for 24 hr with at least 25 pg 
PGE,/ml (Table 11). These data show that 
the final yields of IFN were dependent on 
both PGE, concentration and the multiplic- 
ity of infection. With an m.0.i. of 10, 
maximum IFN titers were obtained with 50 
pg PGE,/ml and remained unchanged when 
the hormone concentration was increased 
to 100 pg/ml. At an m.0.i. of 1,  higher levels 
of IFN were produced and peaked at a 
PGE, concentration of 25 pg/ml; the IFN 
titers were reduced but were still above 
control levels at higher concentrations of 
the hormone. 

Discussion. The data presented in this 
study show that pretreatment of cells in 

TABLE I. EFFECT OF PRETREATMENT OF L929 
CELLS WITH PGE, ON MENGOVIRUS REPLICATION 

PGE, concentration 24-hr virus yield Percentage 
Ol.dm1)" (PFUIml)" of control 

0 1.0 x 10'" - 
10 9.5 x 109 95 
25 5 .0  x 109 50 
50 4.5 x 109 45 

100 7.5 x l@ 7.5 

" Cells in monolayer culture were treated for 24 hr with 
indicated concentrations of PGE,. 

" After the 24-hr treatment period, cell cultures were chal- 
lenged with Mengovirus (10 PFU/cell). The cultures were 
harvested 24 hr later and the total virus (free + cell-bound) 
PFU titers were determined. 
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culture with PGE, at a concentration of 25 
pg/ml for 24 hr resulted in reduced yields of 
MM, Mengo, and polio viruses. Similar re- 
ductions in virus synthesis were obtained 
with a lower concentration of the hormone 
(10 pg/ml) when the cells were treated for 
48 hr. Subsequent experiments .indicate that 
PGE, concentrations as low as 1 pg/ml ef- 
fectively inhibit virus replication when cell 
cultures are treated for a 4- to 8-day period 
(data not shown). Prolonged treatment of 
cell cultures with PGE, resulted in an inhi- 
bition of cell division (Table IV). This 
agrees with a similar observation reported 
by Thomas et al. (8). The reduced virus 
yields, however, are not merely a reflection 
of the reduced number of cells since the 
decrease in virus replication can be demon- 
strated on a PFUkell basis (Table IV). The 
extent of antiviral activity by PGEl in the 
cells tested, is apparently dependent on the 
concentration of the hormone and the 
length of pretreatment but not on the mul- 
tiplicity of infection. 

The stimulation of IFN production by 
PGEl treatment could be due to a mecha- 
nism similar to that seen when cells are 
"primed" with IFN (9). As with most viral 
IFN-inducing systems, more IFN was pro- 
duced at a low multiplicity of infection. 
There was no correlation between virus 
yields and the amount of IFN produced. 
This observation agrees with that previ- 
ously reported for this virus-cell system (9). 

These results are similar to those ob- 
tained when cells in culture are treated with 
IFN and support the notion that, in some 
virus-cell systems, there is a strong re- 
lationship between IFN and prostaglandins 

TABLE 111. EFFECT OF PGE, PRETREATMENT OF 
HeLa CELLS ON POLIOVIRUS REPLICATION 

PGE, concentration 24-hr virus yield Percentage 
(kdml) (PFU/ml) of control 

0 
10 
25 
50 

100 

9.1 x 109 - 
7.7 x 109 85 
5.5 x 109 60 
3.2 x 109 35 
5.0 x 108 6 

Note. Cells in monolayer culture were treated for 24 hr 
with indicated concentrations of PGE, and then infected with 
poliovirus Brunhilde type 1 (10 PFU/cell). 
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in the establishment of the antiviral state 
(10). That this is not true in every vi- 
rus-cell system, is suggested by other 
studies showing that PGs enhance the 
spread of herpesvirus simplex in cell cul- 
tures (1, 2) and inhibit the production of 
IFN (1 1). 

We are currently investigating the effect 
of PGE, treatment of cells in culture on the 
replication of DNA viruses. In addition, the 
influence of PGE, on the course of virus 
infection and IFN production in vivo is 
being determined. 
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