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Summary 

The question of whether interferon alpha/beta is the common mechanism of anti- 
viral action of synthetic immunomodulators was investigated in B6C3F1 mice 
infected with Semliki Forest virus. Mice were treated with various concentrations 
of normal sheep serum or potent anti-alpha/beta interferon antiserum, inoculated 
with the immunomodulators, and infected 24 hours later with virus. Three patterns 
emerged. The antiviral action of the pyrimidinone (ABMP) and the oral interferon 
inducer (CL246,738) appeared to be mediated primarily by interferon alpha/beta; 
their protective ability was almost completely abrogated by treatment with low lev- 
els of anti-alpha/beta interferon antiserum. The antiviral action of two other immu- 
nomodulators, a mismatched polyribonucleotide (Ampligen) and a polyanionic 
copolymer (MVE-2) at least partially involved interferon. Activity of these com- 
pounds was reduced, but not consistently eliminated by treatments with high doses 
of antiserum. The antiviral activity of another polyribonucleotide, polyriboinosin- 
ic-cytidylic acid complexed with lysine carboxymethylcellulose (poly ICLC), was 
not affected by treatment with even the highest amount of antiserum (two injec- 
tions of 100000 neutralizing units each)• Almost complete protection by poly ICLC 
was observed despite the fact that this high concentration of antiserum, when given 
alone, caused a decrease in natural resistance to Semliki Forest virus infection. 
Taken together, these results indicate that induction of interferon alpha/beta does 
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not appear to be the major common mechanism of antiviral activity among these 
diverse synthetic immunomodulators. 

Interferon; MVE-2; Ampligen; CL246,738; Poly ICLC; ABMP; Semliki Forest 
virus; Anti-interferon serum 

Introduction 

It is well established that treatment with interferons (IFN) or various biological 
and synthetic immunomodulators provide broad-spectrum, nonspecific protection 
against virus infections in vivo (Finter, 1973; Pinto et al., 1990a; Breinig and Mora- 
han, 1980). The question, thus, has been raised whether IFN is the common mech- 
anism for antiviral resistance induced by various immunomodulators. 

Correlative kinetic data have not been able to definitively prove whether 
immunomodulator-induced IFN has a cause-and-effect relationship with sub- 
sequent decreases in virus titers and increased survival of animals, or whether 
immunomodulators might induce a low level of protective IFN that is localized at 
the critical sites of infection and is undetectable in the circulation. IFN titers have 
been demonstrated to increase after inoculation of certain immunomodulators 
(Finter, 1973). However, kinetic studies have also shown the converse, that some 
very effective immunomodulators induce no detectable or very low levels of circul- 
ating IFN, suggesting that antiviral activity may be independent of IFN (Giron et 
al., 1980; Morahan, 1980; Morahan et al., 1972). 

Another experimental approach has been to assess the antiviral effect of 
immunomodulators in animals that are selectively depleted of effector cells which 
are important in resistance. Depletion of natural killer (NK) cells has shown that 
normal levels of NK cells are not required for the antiviral activity of 7-thia-8- 
oxoguanosine against Semliki Forest virus (SFV) (Smee et al., 1990). Depletion in 
mice of peritoneal macrophages (Morahan et al., 1977), spleen and liver macro- 
phages (Pinto et al., 1990b), T lymphocytes (Morahan and McCord, 1975), or cir- 
culating monocytes, granulocytes and NK cells (Morahan et al., 1986) has revealed 
that normal levels of these nonspecific effector cells are not required for the antivi- 
ral activity of pyran/MVE-2 against herpes simplex virus. Data such as these 
emphasize the usefulness of immunomodulators in immunosuppressed hosts (Ikeda 
et al., 1987). The results, however, cannot distinguish whether the antiviral activity 
results from small numbers of cells remaining in immunosuppressed hosts that are 
sufficient for immunomodulatory activity, or whether the drugs act through cells 
other than those affected. In either case, the antiviral action could be mediated 
directly through cells, or indirectly through humoral antiviral factors such as IFN 
or other cytokines. 

There have been surprisingly few studies directly addressing this potential role 
of IFN. Treatment of mice with antibody that neutralizes IFN (anti-IFN) can cle- 
arly decrease natural resistance to viruses, but this does not necessarily mean that 
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IFN is involved in the antiviral activity of immunomodulators. Early studies, using 
antibody prepared against relatively impure IFN, showed no major effect on pyran- 
induced antiviral resistance (Giron et al., 1980; Morahan, 1980) or polyribonucleo- 
tide-induced antitumor resistance (Gresser et al., 1978); it was concluded that IFN 
was not required for the protective ability of these immunomodulators. The recent 
use of anti-IFN antibody preparations that are more potent and specific has 
revealed that IFN is required for NK cell activation by pyrimidinones (Lotzova et 
al., 1986). It has also recently been reported that the antiviral activity of the oral 
IFN inducer, CL246,738, against SFV infection is mediated by the independent 
induction of alpha and beta IFN (Sarzotti et al., 1989), and that IFN alpha is 
required for the antiviral activity of 7-thia-8-oxoguanosine against SFV infection 
(Smee et al., 1990). The present study was undertaken to determine whether IFN is 
a common mediator (either directly or indirectly through activation of effector 
cells) for immunomodulators that exhibit broad-spectrum nonspecific antiviral 
resistance; this is a critical issue for the development of immunotherapy for viral 
infections. 

Materials and Methods 

Mice 

Virus-free, barrier-raised, 6-week old female B6C3F1 mice (Taconic Farms, 
Germantown, NY) were housed in autoclaved microisolator cages (MCP) or isola- 
tor chambers (Wistar). To ensure that no intercurrent viral infections had occurred 
(Dempsey et al., 1988), mouse sera were periodically tested for seroconversion to 
mouse hepatitis virus and Sendai virus (Biocon Labs, Rockville, MD). 

Semliki Forest virus (SFV) 

A mouse brain pool of SFV, strain L10, was prepared in newborn CD-1 mice as 
we have previously described (Pinto et al., 1988). SFV was titrated by plaque for- 
ming units (PFU) on BHK21 cells; the titer was about 6.8 x 10  7 PFU/ml. Mice 
were injected with 3-10 LDs0 doses of virus. 

Immunomodulators 

All immunomodulators were administered prophylactically, 24 h before i.p. 
injection of SFV. All drugs were administered i.p. except for CL246,738, which 
was administered by oral gavage. The polyanionic maleic anhydride divinyl ether 
copolymer (MVE-2) (Hercules, Inc., Wilmington, DE) was dissolved in phosphate 
buffered saline to a final inoculation dose of 50 mg/kg. Ampligen, a mismatched 
polyriboinosinic-cytidylic acid polyanionic polynucleotide (USAMRIID, Fred- 
erick, MD) was dissolved in physiological saline to a final inoculation dose of 4 
mg/kg, heated at 67°C for 16 h and then at 37°C for 1 h prior to injection. The poly- 
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riboinosinic-cytidylic acid polynucleotide complexed with lysine carboxymethyl- 
cellulase (poly ICLC, courtesy of Dr. Hilton Levy, National Cancer Institute, 
Bethesda, MD) was diluted in physiological saline to a final inoculation dose of 1 
mg/kg. 3,6-Bis(2-piperidinoethoxy)acridine (CL246,738, courtesy of Dr. Fred 
Durr, Lederle, Pearl River, NY) was prepared to an injection dose of 50 mg/kg in 
distilled water. The pyrimidinone, 2-NH2-5-Br-6-methyi-4-[3H]pyrimidinone 
(ABMP, courtesy of Dr. Harold Renis, Upjohn Co., Kalamazoo, MI) was sus- 
pended in 1% carboxymethylcellulose to a final injection dose of 200 mg/kg. To 
ensure a uniform suspension, it was vortexed vigorously just prior to injection. 
Recombinant human alpha-IFN A/D (rHu IFN-~ A/D, courtesy of Drs. Michael 
Brunda and Peter Sorter, Hoffman-LaRoche, Nutley, N J) was diluted in phosphate 
buffered saline containing 0.2% bovine serum albumin to an injection dose of 
4000-10000 IU/mouse. This IFN was retitered the week prior to assay, in order to 
ensure that the appropriate dose was administered. 

Anti-alpha~beta intel?fOron antiserum (anti-lFN) 

The antiserum used for these studies was prepared in sheep by immunizations 
with highly purified mouse IFN that was induced in L929 cells by Newcastle dis- 
ease virus. This IFN is composed of approximately 70% IFN-[3 and 30% IFN-~. 
The antiserum was then exhaustively adsorbed with normal cell and viral products 
(Dalton and Paucker, 1981). The final preparation of antiserum had a neutralizing 
titer of 2 x 106 units/ml. This adsorbed anti-IFN antibody preparation has been suc- 
cessfully used in previous studies investigating the role of IFN in NK activity 
(Korngold et al., 1983), natural resistance to Friend leukemia virus (Blank and 
Murasko, 1981) and poly IC-induced inhibition of antigen-specific macrophage- 
dependent T cell proliferation (Blank et al., 1985). For most experiments, the anti- 
IFN was inoculated i.p. 4 h prior to administration of the immunomodulator to 
allow antisera dissemination for facilitation of the interaction between IFN induced 
by the drug and the anti-IFN antibody. As a control, mice were injected with nor- 
mal sheep serum at a similar protein concentration. 

Interferon assays 

Mouse plasma, serum, or peritoneal lavage fluids were obtained from mice after 
various treatments. These were diluted serially, and assayed for their ability to pro- 
tect L929 cells from cytopathic effect produced by infection with encephalomyo- 
carditis virus, using a modification of the microplate method of Havell and Vilcek 
(1972). In every assay, an internal IFN-cq~ standard was assayed simultaneously, 
and the titers were corrected against the NIH mouse a]~ reference standard. The 
assay is sufficiently sensitive to measure consistently 1 IU/ml, and sometimes as 
low as 0.2 IU/ml. 
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Antiviral protection studies 

For antiviral protection experiments, there were generally 10 mice in each exper- 
imental group and 15 mice in each placebo control group. A small LDs0 dose 
response assay was included in each experiment to ensure that the appropriate LDs0 
dose was achieved. Virus-infected mice were monitored daily for signs of  clinical 
illness and for mortality. At the end of  the test period (usually 14 days), the percent 
mortality and median survival times of  all control and experimental groups were 
calculated. 

Statistical analysis 

Statistically significant differences (P < 0.05) in percent mortality were deter- 
mined with an Apple IIe microcomputer using the Chi square test included in the 
Applestat statistical package. The median survival time was calculated and the sur- 
vival distribution data analyzed using the Lee-Desu method of  group comparison 
included in the SPSSX statistical package on the VAX. This procedure allows the 
most appropriate analysis of  survival data with censored observations (i.e. mice 
still alive at the end of  the observation period) (Lee and Desu, 1972). 

Results 

Effects of  anti-IFNo~]~ on IFN in vitro and in vivo 

The ability of  the anti-IFN antibody to neutralize mouse alpha/beta IFN in vitro 
was confirmed (Table 1). The anti-IFN antibody very efficiently neutralized both 
the NDV-induced L929 cell m/I] IFN and the poly ICLC-induced plasma IFN. The 
level of  neutralization achieved demonstrated the accuracy of  the titers and the 
specificity of  the antiserum. As expected, the anti-mouse IFN antibody did not 
efficiently neutralize recombinant human alpha IFN. This recombinant molecule 
has the biological activity of  mouse IFN, but maintains the antigenicity of  the two 
parent human A and D IFN alpha molecules. 

TABLE 1 

In vitro neutralization of interferon with anti-interferon serum 

Interferon Interferon titer (IU/ml) after addition of" 

NSS 5000 U antibody 50 U antibody 

rHulFN-ct A/D 346 346 364 
MuIFN-a/I] 346 <7 230 
Poly ICLC plasma b 86 <7 43 

"One concentration of interferon was mixed with either normal sheep serum (NSS) or anti-interferon 
sheep serum diluted to contain 5000 or 50 neutralizing U/ml. 
bPlasma was obtained from mice from the retro-orbital sinus 6 h after administration of 1 mg/kg of 
poly ICLC. This plasma was diluted to obtain about 100 IU of IFN/ml. 
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TABLE 2 

In vivo effects of anti-interferon serum on plasma interferon levels induced by administration of poly 
ICLC 

Treatment Geometric mean titers of serum interferon (IU/ml at 

3h 6h 12h 24h 48h 

NSS 1871 4641 332 263 <2 
Anti-lFN <2 297 <2 9 <2 

B6C3FI female mice were inoculated i.p. with normal sheep serum or 100000 neutralizing units of 
anti-interferon serum I h prior to i.p. injection of poly 1CLC (1 mg/kg), and were reinjected with nor- 
mal sheep serum or antibody 6 h after injection of poly ICLC. Most groups contained 3 mice. The IFN 
level in mice receiving PBS alone was <2 IU/ml. 

Of the immunomodulators,  only poly ICLC and Ampligen induced substantial 
levels of plasma IFN in the B6C3F1 mice. After injection of poly ICLC, there was 
a peak of  4641 IU/ml at 6 h, and a decline to 263 IU/ml at 20-24 h (Table 2). The 
mismatched polyribonucleotide, Ampligen, induced 135 IU/ml at 3-4  h, declining 
to <45 IU by 6 h. The other immunomodulators tested induced no detectable or 
minimal levels (50 IU or less) of plasma IFN at all times that were tested including 
the times expected for peaks of IFN (3-4, 6, and 24 h). Since the virus was injected 
i.p. and the initial stages of  infection occurred in the peritoneum, IFN titers induced 
by the immunodulators in the peritoneal fluid were also measured. IFN titers were 
detectable in peritoneal fluid only after administration of poly ICLC or rHuIFN-o~ 
A/D. Poly ICLC induced 22 and 17 IU/ml, while rHuIFN-o~ A/D showed 65 and 
<45 IU/ml respectively at 6 and 24 h after drug administration. 

Based on these data and the in vitro neutralizing activity of the anti-iFN anti- 
body, it was estimated that administration of 10000 units of  antibody should be 
sufficient to neutralize the poly ICLC-induced IFN, while much less should be 
effective against the other immunomodulators.  The in vivo neutralizing efficiency 
of  the anti-IFN antibody was measured directly by inoculating mice with normal 
sheep serum or anti-IFN antibody, then administering poly ICLC and measuring 
plasma IFN levels at 4 or 20 h. Administration of 50000 neutralizing units did not 
significantly change the 3-4  h titer of IFN, while administration of 100000 units 
decreased the titer by about 50% (data not shown). Higher doses of anti-IFN anti- 
body did neutralize poly ICLC-induced antiviral activity. Two injections of 
100000 units were administered 1 h prior to and 6 h after inoculation of  poly ICLC 
(Table 2). Plasma levels of IFN were reduced to 10 IU/ml or less at all times 
assayed except for 6 h after poly ICLC when the titer was reduced (P <0.05) from 
4691 to 297 IU/ml. 

When IFN levels were measured at 6, 12, 18, 24 and 48 h after SFV infection, no 
detectable levels of IFN were found in either the plasma or peritoneal fluids. There 
was also no significant change in LD50 when mice were treated 24 h prior to infec- 
tion with normal sheep serum or one dose of anti-IFN antibody ranging from 2000 
to 100000 neutralizing units, although the mice generally died a few hours earlier 
(Tables 3 and 4). Therefore, antiviral efficacy could be tested reliably at one chal- 
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TABLE 3 

Effect of single administration of 2000 or 10000 neutralizing units of anti-interferon serum and immu- 
nomodulators on Semliki forest virus infection" 

Drug Dose Mortality Survival 

D r u g  Anti-IFN Dead/total (%) MST 
(mg/kg) antibody 

Controls 

Normal sheep serum (NSS) 

Anti-interferon (anti-IFN) 
Anti-interferon (anti-IFN) 

Experimental groups 

Ampligen 

- 8/10 (80%) 5.8 

10000 15/15 (100%) 4.8 
2000 15/15 (100%) 5.2 

4 - 1/10 (10%)* >14.0" 
4 2000 0/10 (0%)* >14.0" 

MVE-2 50 - 0/10 (0%)* >14.0" 
50 2000 0/10 (0%)* >14.0" 

Poly ICLC 1 - 0/10 (0%)* >14.0' 
1 10000 0/10 (0%)* >14.0'  

ABMP 200 - 4/10 (40%) >14.0 
200 2000 8/9 (89%) 5.1 

aB6C3FI female mice, aged 5 weeks, were treated i.p. with the indicated dose of anti-IFN serum or 
NSS 4 h prior to i.p. injection of the immunomodulator, and infected 24 h later with 4.5 PFU (4 LDs0 
doses) of Semliki Forest virus. 
*Statistically significant (P<0.05) as compared with the corresponding placebo group. 

lenge level of  virus, whether mice were treated with normal sheep serum or the 
anti-IFN antibody. 

Effects of single administration of anti-IFN antibody on antiviral protection 
against SFV infection 

When mice were treated with 2000 (against ABMP, MVE-2 or Ampligen) or 
10000 (against poly ICLC) neutralizing units of  anti-IFN antibody 4 h prior to 
inoculation of  immunomodulators ,  the antiviral efficacy of ABMP was markedly 
reduced, with no effect on the activity of  the other immunomodulators  (Table 3). 
When the dose of  antibody was increased to 50000 neutralizing units, the antiviral 
activity of  Ampligen was significantly reduced, while the activity of  CL246,738 
remained unchanged (Table 4). Increasing the dose of antibody to 100000 neu- 
tralizing units resulted in abrogation of  the antiviral activity of  CL246,738, MVE- 
2, and Ampligen (Table 4). Treatment  with 50000 or 100000 neutralizing units of  
antibody did not affect the protective effect of  rHu lFN-~  A/D (ca. 10000 IU, data 
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TABLE 4 

Effect of single administration of 50000 or 100000 neutralizing units of anti-interferon antibody and 
immunomodulators on Semliki Forest virus infection" 

Treatment with 50000 units Treatment with 100000 units 

Mortality Survival Mortality Survival 

Anti-IFN serum Dead/ (%) MST Dead/ (%) MST 
total total 

Normal sheep serum - 9/10 (90%) 6.6 
(NSS) 
Anti-interferon (Anti- + 10/10 (100%) 5.1 
IFN) 
Poly ICLC - 0/10 (0%)* >13.0" 

+ 3/10 (30%)* >13.0" 

Ampligen - 0/10 (0%)* >13.0" 
+ 5/10 (50%) 6.0* 

CL246,736 - 2/10 (20%)* >13.0" 
+ 3/10 (30%)* >13.0" 

MVE-2 - ND ND ND 
+ ND ND ND 

8/10 (80%) 5.8 

8/10 (80%) 4.8 

1/6 (17%)* >13.0" 
2/10 (20%)* >13.0" 

0/10 (0%)* >13.0" 
5/5 (100%) 5.2 

2/10 (20%)* >13.0" 
10/10 (100%) 4.6 

2/10 (20%)* >13.0" 
9/10 (90%) 5.5 

"B6C3F1 female mice, aged 5 weeks, were treated with anti-IFN or NSS 4 h before i.p. injection of 
immunomodulators, and infected 24 h later with 4.5 PFU (5 LDs0 doses) of Semliki Forest virus. The 
drugs were administered at the doses shown in Table 3. ND = not done. 
*Statistically significant (P<0.05) as compared with the corresponding placebo group. 

not shown), as expected from the data showing lack of  neutralization of this human 
IFN (Table 1). 

Effects of two administrations of anti-lFN antibody on antiviral protection 
against SFV infection 

Since two inoculations of  100000 neutralizing units of anti-IFN antibody were 
needed to significantly reduce circulating levels of  poly ICLC-induced IFN, the 
amount of  anti-IFN antibody administered was increased. Two doses of  100000 
units were administered, one shortly before administration of  the immunomodula- 
tor, and a second dose a few hours later. After this anti-IFN antibody treatment, the 
antiviral activity of  poly ICLC remained intact, the protective ability of  Ampligen 
and MVE-2 were reduced substantially but not completely, while the protective 
ability of  ABMP and CL246,738 was completely abrogated (Fig. 1). When mice 
were treated with two doses of  anti-IFN antibody at 20000 neutralizing units, the 
antiviral activity of  ABMP and CL246,738 was also lost completely, the antiviral 
activity of MVE-2 was reduced but there was still a significant increase in the med- 
ian survival time, and the antiviral activity of  Ampligen and poly ICLC was not 
affected (data not shown). The protective ability of poly ICLC was particularly 
striking, since two treatments with the 100000 neutralizing units of anti-IFN anti- 
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Fig. 1. Effect of two treatments each with 100000 neutralizing units of anti-IFN antibody or normal 
sheep serum on antiviral efficacy of various immunomodulators against SFV infection. B6C3F1 
female mice were treated with the immunomodulators at the doses and routes indicated in Materials 
and Methods, 24 h prior to i.p. challenge with SFV. The first treatment of antibody was given i.p. 1 h 
prior to administration of all the immunomodulators. The second treatment of antibody was given i.p. 
6 h after administration of Ampligen and poly ICLC, or 20 h after administration of MVE-2, ABMP 

and CL246,738. 

body alone significantly reduced the natural resistance of the mice to SFV infec- 
tion, as shown by a reduction in the median survival time (P < 0.05) as compared 
with mice treated with normal sheep serum (Fig. 1). 

Discussion 

These results are the first to demonstrate directly, using high titered anti-IFN 
antibody, that IFN plays varying roles in the antiviral resistance induced by 
prophylactic treatment with five synthetic immunomodulators of diverse chemical 
structure. There was no correlation between the ability of the immunomodulators 
to induce circulating IFN and the degree of antiviral activity against SFV infection, 
and the use of the anti-IFN serum indicated that IFN was probably not the only 
mechanism of antiviral activity of the immunomodulators. 

IFN-cz/f3 was clearly the major factor responsible for prophylactic antiviral 
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activity against SFV infection for two of the immunomodulators: the ABMP pyri- 
midinone, ~ " ' " 2-NH2-5-Br-6-methyl-4-[H]pyrlmldmone (Li et al., 1989) and the 
CL246,738, a heterocyclic of the acridine class (Litton et al., 1990)). Both of these 
immunomodulators have been shown to induce IFN, activate NK cells and macro- 
phages, induce broad spectrum antiviral, antibacterial and antitumor protection, as 
well as exhibit other immune enhancing properties (Li et al., 1985; Lotzova et al. 
1983: Morahan et al., 1987; Skulnick et al., 1985; Wang et al., 1985, 1987). Our 
finding undetectable circulating levels of IFN after administration of ABMP and 
CL246,738 was unexpected; the results may reflect response differences in mouse 
strain or be due to differences in the route of administration. The present studies 
establish that, despite undetectable circulating IFN, IFN plays a central role in the 
antiviral action of ABMP and CL246,738, at least against SFV. The data with 
CL246,738 confirm the data of Sarazotti et al. (1989), who showed that the antivi- 
ral action of CL246,738 against SFV infection was primarily mediated by IFN. 
Whether the broad spectrum antiviral action of CL246,738 or ABMP is directly 
mediated by IFN, or indirectly through IFN activation of NK cells and macro- 
phages or induction of other cytokines, remains to be established. 

The antiviral efficacy of two other synthetic immunomodulators, the MVE-2 
polyanionic co-polymer and Ampligen, a mismatched polyribonucleotide, 
appeared to at least partially involve IFN. Activity was significantly reduced by 
treatment with 100000 neutralizing units of anti-IFN antibody, but was not com- 
pletely abrogated when mice were treated with the 200000 units of anti-IFN, even 
though this dose of anti-IFN significantly reduced natural resistance to SFV. 
Whether alpha or beta IFN is the active mediator involved in the antiviral effects of 
MVE-2 or the polyribonucleotide Ampligen remains to be determined. Recently 
alpha IFN has been shown to be essential for the antiviral protection against Banzi 
flavivirus that is induced by another polyribonucleotide, poly IC (Barnhart, Gang- 
emi, Mayer and Ghaffar, personal communication). Antiviral activity was elimin- 
ated when mice were treated with antibody to alpha/beta IFN, but not by treatment 
with antibody to beta IFN. The present data, demonstrating no detectable IFN-indu- 
cing ability of MVE-2 in contrast with the efficient IFN induction by Ampligen, 
are similar to published reports (Morahan et al., 1972; Green et al., 1978). The lack 
of correlative kinetics between IFN induction and antiviral activity of pyran/MVE- 
2, coupled with the inability of low-titered anti-lFN serum to abrogate antiviral 
activity (Morahan, 1980; Giron et al., 1980), led to the hypothesis that the antiviral 
activity of this immunomodulator was independent of IFN. The present data with 
higher titered anti-IFN serum indicate that IFN appears to be responsible for some 
of the antiviral activity of pyran/MVE-2; additional cells and cytokines that are 
involved remain to be elucidated. 

The mechanisms involved in the antiviral activity of Ampligen, in addition to 
IFN, also remain to be defined. In several systems, the antiviral and antiprolifera- 
tive activity of Ampligen have been shown to synergize with IFN (Montefiori et 
al., 1989; Dick and Hubbell, 1987; Hubbell et al., 1987; Montefiori and Mitchell, 
1987). These data suggest that some of the biologic actions of Ampligen are medi- 
ated by mechanisms independent of IFN induction. 
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Our observations, that the antiviral activity of poly ICLC was not altered after 
treatment with sufficient anti-IFN antibody to decrease natural resistance to SFV, 
were unexpected. The results suggest that the ability of poly ICLC to induce high 
levels of circulating IFN (Levy et al., 1975) may not play a prominent role in its 
antiviral efficacy against SFV infection. While levels of circulating IFN have been 
correlated with antiviral activity of poly ICLC, the exact antiviral mechanism has 
not yet been established (Crane et al., 1984; Kende et al., 1987; T'so et al., 1976; 
Lesnick and Derbyshire, 1988). For example, there is prolonged activation of NK 
cells after administration of poly ICLC, but similar activation occurs after admin- 
istration of polyadenosinic-polyuridylic acid which is not an effective antiviral 
agent (Twilley et al., 1987; Morahan et al., 1972). A recent report noted that the 
cell growth-inhibitory properties of poly ICLC are associated with degradation of 
rRNA, and are independent of the action of IFN (Chapekar et al., 1988). To further 
exclude IFN as a mediator of the antiviral action of poly ICLC, it will be useful to 
establish the effects of treatment with anti-IFN serum by schedules that completely 
prevent induction of circulating IFN at all times after drug administration, and to 
determine the effects of antibody treatment on varying doses of poly ICLC. We 
also plan to determine the effect of anti-IFN antibody treatment on the protective 
ability of poly ICLC against Caraparu virus, a virus that we have shown is not sen- 
sitive to IFN alpha/beta, but is sensitive to poly ICLC (Pinto et al., 1990a). 

Considering all the present data, there are several possibilities for the antiviral 
activity of poly ICLC, Ampligen and MVE-2: 
(1) cells, that are not affected by the selective depletion method used, can function 
as antiviral effector cells because of the pleiotropic activating effects of the immun- 
omodulator and the protective redundancy of the nonspecific immune system; 
(2) small numbers of cells, remaining after depletion, are all that are required to 
start an amplifying cascade of cytokines such as IFN that directly exert antiviral 
activity; 
(3) endogenous IFN may be induced at critical sites, and be consumed rapidly by 
local cells so that this IFN is not available to be neutralized by anti-IFN. Low lev- 
els of IFN may be particularly important against a viral infection such as SFV, 
which is very sensitive to IFN. 

To determine which of these possibilities is operative, it will be useful to investi- 
gate drug efficacy in animals receiving combinations of selective cell and cytokine 
depletions. By documenting the effect of such selective immunosuppression on 
antiviral efficacy, together with characterizing the types of effector cells and cytok- 
ines that are present locally and early in infection, it should be possible to establish 
definitively what components of the nonspecific immune system are instrumental 
in immunomodulator-induced inhibition of viral pathogenesis. 
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