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Interferon is induced in vitro and in vivo 
by the double-stranded polymer of inosinic 
and cytidylic acids (poly 1:C). However, in 
L-M cell cultures little interferon is produced 
without adding DEAE-dextran which en- 
hances the binding of poly I: C to cells (2) .  

Since DEAE-dextran as well as poly I:C 
are moderately cytotoxic for cultured cells 
(3), the present study was designed to ex- 
amine the relationship between cell damage 
and interferon production. 

Materials and Methods. Inducing reagents. 
Appropriate dilutions of the sodium salt of 
poly I : C (P-L Biochemicals, Milwaukee, 
WI)  were prepared from a stock solution 
containing 1 mg/ml distilled water. DEAE- 
dextran (approx mol wt 2 X lo6, Pharmacia 
Corp., Piscataway, NJ) was diluted from a 
stock solution containing 40 mg/ml distilled 
water. 

Cell growth. Three hundred milliliter sus- 
pensions of L-M cells were grown in KLM3 
medium in 1 liter screw-cap, saline bottles 
(McGaw Laboratories, Milledgeville, GA) 
on a gyrotory shaker incubator (New Bruns- 
wick Scientific Co., New Brunswick, NJ) at 
110 rpm and 35". KLM3 medium is com- 
posed of auto-pow MEM for suspension cul- 
tures (Flow Laboratories, Rockville, MD) 
supplemented with yeast extract (0.05%), 
peptone (0.5%) and lactalbumin hydrolysate 
(0.2 5 plo ) . Other additions include NaHC03 
(0.17%) and methylcellulose (0.12%). 

Virus growth. Five million L-M cells grow- 
ing in logarithmic phase as cell sheets on 30 
ml plastic flasks were infected with mengo- 
virus at  a multiplicity of 10 PFU. After a 
30-min adsorption period at  room temper- 

1 Present address: Ortho Research Foundation, 
Raritan, NJ 08869. 

ature, the excess fluid was removed and 5 ml 
of medium 199 supplemented with 0.5% 
peptone (199P) was added. After an 18-hour 
incubation period at  35", the supernates from 
a number of flasks were harvested and pooled. 
This virus pool was clarified by centrifugation 
at  800g for 10 min. The virus pool retained 
the same infectivity titer for extended periods 
when stored at  2". 

Plaque assay. Five milliliter volumes of 
L-M cells from suspension cultures containing 
1.5 X lo6 cells/ml were pipetted onto 60 
mm diameter plastic petri dishes. A confluent 
sheet of cells forms in 0.5 to 1.5 hr if 10% calf 
serum is included. At this time, the medium 
bathing the cells was discarded and the cell 
sheets were washed with 5 ml of 199P. Five- 
tenths milliliter of diluted virus was adsorbed 
to the sheet for 30 min at  35". The excess 
fluid was removed from the plates and an 
overlay medium consisting of either 1.5% 
noble agar, DEAE-dextran, and minimal 
essential medium (MEM),  or 1.5% Seakem 
agarose ( Marine Colloids, Inc., Springfield, 
NJ) and MEM, was added. The plaques 
developed in 48 hr and were counted after 
staining with neutral red. 

ViabZe cell counts. Cell viability was deter- 
mined by dye exclusion. The dye used was 
0.4% erythrosin B in Hanks' salt solution. 

Experimental results. DEAE-dextran titra- 
tion for cytotoxicity. DEAE-dextran alone is 
cytotoxic for animal cells grown in stationary 
cultures. In this study cells in suspension 
cultures were exposed to DEAE-dextran and 
combinations of DEAE-dextran and poly I: C 
to evaluate accurately cytotoxicity as it in- 
fluences interferon production. Initally, in- 
creasing amounts of DEAE-dextran were 
added to 100 ml suspension cultures. After 3 
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hr each culture was split into two 50 ml 
portions. The medium was changed on one 
portion by packing the cells and resuspending 
them in fresh media. The extent of cell 
damage was examined after 15 hr. Cyto- 
toxicity was encountered when the concen- 
tration of DEAE-dextran was 50 pg/ml 
(Fig. 1). At this concentration, 35% of the 
cells were damaged in the culture where the 
medium was unchanged. Only 9% of the 
cells were damaged in the duplicate culture 
in which the medium was changed. Increas- 
ing the concentration of DEAE-dextran in- 
creased the incidence of cell damage. In all 
cases less damage was evident when the 
culture medium was changed. None of the 
supernates contained inhibitory substances 
for the test mengovirus. 

Poly I :  C and DEAE-dextran cytotoxicity. 
Dianzani et al. (4) have reported that for 
optimal induction of interferon in L-M cell 
cultures, a combination of poly I :C at  10 
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FIG. 1. Seven, 100 ml, suspension cultures in 250 
ml Erlenlmeyar Rasks conttaining cells in late log or 
early stationary phase, were exposed to 0, 10, 25, 
50, 100, and 200 pg DEAE-dextran/ml, respectively. 
Aftelr 3 hr a t  35', 50 ml of each culture were asep- 
tically Iremoved and centrifuged (at 5Wg for 5 min. 
The supernate was discarded and the cells were re- 
suupenldd in 510 ml frwh KLM3 medium. The cell 
suspension was transfem-ed to sterile 250 Erlenmeyer 
flasks. Incubation was containled for an additional 
1 2  h. Viable cell counts were (taken of each culture. 
The remainder was clarified by centrifugation zt 
8OOg lfor 5 min. The cell-free medium diluted 1 : l O  
in 199P was assayed fior interferon activity by the 
plaque reduction method. 
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FIG. 2. Suspension cultures containing 7 X lo6 cells/ 
ml were incubated overnight a t  35". These cells, 
growing in a logarithmic fashion, weire divided into 
eight replica&, each containing 100 ml cell suspen- 
sion in 250 ml Erlenmeyer flasks. To seven of these 
cultures was added poly I:C s t  10 pg/ml, respec- 
tively. The eighth flask remained as a control con- 
taining neither DEAE-<dextran nos poly I: C. After 
3 hr at  3S0, 50 ml of each culture welie aseptically 
removed and centrifuged at  5OOg for 5 min. The 
supernate was [discarded and the cells resuspended 
in 50 ml fresh KLM3 medium. The cell suspension 
was transferred to starile 250 ml Erlentmeyer flasks. 
Incubation was conltinued for an adiditionla1 12 hr. 
Viable cell counts were taken of each culture. 

pg/ml, and DEAE-dextran at  400 pg/ml is 
required. In view of the cytotoxicity of 
DEAE-dextran at  levels above 50 pg/ml, an 
experiment was designed to evaluate the com- 
bined toxic effect on L-M cells in the log 
phase of the growth cycle. The cells were 
exposed to poly I :C at  10 pg/ml and in- 
creasing concentrations of DEAE-dextran. 
Figure 2 shows that poly I :C alone caused 
cell damage which could be neutralized by 
the addition of 10 pg/ml of DEAE-dextran. 
However, as the concentration of DEAE- 
dextran was increased a cytotoxic effect was 
noted which was potentiated by the combina- 
tion of poly I :C and DEAE-dextran. For 
example, a t  200 pg/ml of DEAE-dextran 
55% of the cells were damaged in cultures 
where the medium was not changed, and 
15% of the cells were damaged in cultures 
where the medium was changed. When 10 
pg/ml of poly I:C was included, cell damage 
was increased to 98% in the culture without 
a medium change and 90% in the culture 
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with a medium change. Essentially, the same 
result was obtained when L-M cells were 
exposed during the log phase or the plateau 
phase under the same conditions. 

Interferon production. The supernates from 
all cultures exposed to poly I:C and DEAE- 
dextran were titered for viral inhibitory sub- 
stances by a plaque reduction assay. Figure 
3 illustrates that the plaque reducing 
activity of supernates from log phase cell 
cultures was related to the extent of cell 
damage (shown in Fig. 2 ) .  The only place 
that this was not observed was when poly 
I:C alone was used. At 10 pg/ml, poly I :C 
was extremely toxic but little antiviral 
material was produced. When DEAE-dextran 
a t  10 pg/ml was added, the poly I:C cyto- 
toxic effect was neutralized and an amount 
of interferon was produced comparable to the 
cultures in which poly I :C alone was added. 
Cytotoxicity comparable to that seen in cul- 
tures exposed to 10 pg/ml of poly I :C was 
only achieved when the DEAE-dextran con- 
centration was 50 pg/ml. However, in this 
instance more antiviral material was evident. 
At 400 pg/ml of DEAE-dextran all the cells 
were damaged and a 1: 10 dilution of the 
supernate completely inhibited plaque forma- 
tion. 

The product induced in L-M suspension 
cultures by 10 pg/ml poly I:C, 400 pg/ml 
DEAE-dextran was characterized as an inter- 
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FIG. 3 .  The cell suslpensions from cultures exposed 
to  poly I:C and DEAE-dextran were clarified by 
centrifugation a t  8OOg for 5 min. The cell-fnee medi- 
um, dilutad 1:lO in 199P, was assayed f a r  interferon 
activity by the plaque reduction method. 
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FIG. 4. Three, 100 ml, suspension cultures in 250 
ml Er!ennieyer flasks, containing cells in logarithmic 
phase of growth were exposed to  10 pg/ml poly 1:C 
and 400 pg/ml DEAE-dextran, 0 pg/ml poly I:C 
and 400 &ml DEAE-dextran, and 0 Fg/ml poly 
I:C and 0 pg/ml DEAE-dextran. At 1, 2 ,  3, 6, 11, 
and 24 hr, 10 ml samples were withdrawn aseptical- 
ly from each culture. Viable celi counts were done 
on an aliquot of each. 

feron by testing for pH stability and trypsin 
sensitivity. The product was sensitive to, 
trypsin action and was stable a t  pH 2 and 
pH 10. 

Cytotoxicity and , interferon production 
with time. Since the cytotoxic reaction was 
related to the production of viral inhibitor, 
an experiment was designed to follow the 
extent of cell damage with time in cell 
cultures exposed to DEAE-dextran and the 
combination of poly I :C and DEAE-dextran. 
Figure 4 shows that after 1 hr some cells 
were damaged in those cultures exposed to 
the combination of 10 pg/ml of poly I:C 
and 400 pg/ml of DEAE-dextran. The rate 
of damage occurred more rapidly in the cell 
cultures exposed to the combined treatment. 
Analysis of the supernates indicated that after 
one hour an antiviral substance was produced 
that completely abolished plaque formation 
a t  a 1:lO dilution. When the supernates 
were tested at  a 1:50 dilution an increasing 
amount of inhibitor was produced with time 
(Table I). 

Discussion. The results presented here con- 
firm observations on the cytotoxic action of 
both DEAE-dextran and poly I:C (3 ,  5, 6) .  
When L-M cells are growing in suspension 
cultures, DEAE-dextrirn is toxic at cGncm- 
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TABLE I. A t  the Time ;t Culture Was Tested for  
Cell Viability, Another Portion of the Suspension 
Was Clarified by Centrifugation a t  8010g for 5 

M i x ”  

% Plaque reduction 
of supernate diluted 1 : 50 Time (hr) 

1 
2 
3 
6 
11 
24 

20 
23 
30 
32 
36 
42 

a The cell-free medium, diluted 1:50 in 199P, 
was assayed for interferon activity by the plaque 
reduction method. 

trations greater than 50 pg/ml. This toxic 
reaction can be reversed if L-M cells are 
transferred at  the third hour to media with- 
out DEAE-dextran. At  10 pg/ml poly 1:C 
is toxic for L-M cells and this toxic reaction 
can also be reversed by transferring cells to 
media without this nucleic acid polymer 
before the third hour. In  addition, poly I:C 
toxicity can be neutralized by adding 10 
pg/ml of DEAE-dextran. However, when 
DEAE-dextran at  50 pg/ml or greater is com- 
bined with 10 pg/ml of poly I:C, the toxicity 
cannot be reversed by transferring cells into 
fresh media at  the third hour. The reason for 
this is that cell toxicity is greatly amplified 
at  an early time by the combined polymer 
treatment. When 400 pg/ml of DEA4E-dex- 
tran is combined with 10 pg/ml of poly I:C, 
approximately 70% of the cells are irrevers- 
ibly damaged by the third hour. Since DEAE- 
dextran facilitates the uptake of poly I:C, the 
amplification of the toxicity at an early time 
could occur because poly I:C damages the 
cell membrane more rapidly when in direct 
contact with it. This is unlikely because cell 
damage is not apparent when only 10 pg/ml 
of DEAE-dextran is used. Alternatively, the 
binding of the poly I:C could in turn 
facilitate the binding of additional molecules 
of DEAE-dextran. Thus, the results could 
reflect an amplification of the DEAE-dextran 
toxicity. 

Since interferon is induced at  an early time 
in these L-M suspension cultures, and in- 

creases with time, the data suggest an integral 
relationship between the magnitude of cell 
membrane damage and the degree of anti- 
viral activity. Thus, i t  is likely that poly I :C 
after being taken up by the cell attaches to 
an intracellular receptor to modify a sub- 
stance which is released as interferon through 
the damaged membrane (7) .  

Summary. The incidence of cell damage in 
L-M cell cultures exposed to DEAE-dextran 
increased with an increase in the conceatra- 
tion of the polycation. Poly I :C alone exerted 
a toxic effect which could be neutralized by 
10 pg DEAE-dextran/ml. Cytotoxicity, how- 
ever, was potentiated by poly I:C at  higher 
DEAE-dextran concentrations. The plaque 
reducing activity of the supernates from 
cultures exposed to poly I:C and DEAE-dex- 
tran increased with an increase in the in- 
cidence of cell damage. The antiviral sub- 
stance, when induced by 10 pg/ml poly I:C 
and 400 pg/ml DEAE-dextran, was evident 
after an exposure of one hour. The potency of 
the material increased with the duration of ex- 
posure. The material was characterized as an 
interferon by its pH stability and trypsin 
semi tivity . 
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