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Abstract
Background—In vitro and clinical observations in HIV-infected patients receiving interferon α
therapy have shown a reduction in HIV loads. Limited investigations have explored the innate or
adaptive immune responses of IFN-α on SIV replication in vivo.

Methods—Seven chronically infected rhesus macaques were given pegylated IFN-α2a (n = four)
or saline (n = three) injections once weekly for 14 weeks. Weekly periphera blood samples were
taken for safety parameters, viral load determinations, and measurement of innate and adaptive
immune responses.

Results—Pharmacokinetic measurements demonstrated therapeutic peg-IFN-α levels for the initial
period of therapy and IFN-α inducible antiviral molecules were increased sporadically in the PBMC
mRNA of the treatment group. Despite the demonstrable effect of the IFN-α injections, the treatment
had no effect on plasma viral RNA levels.

Conclusions—This work demonstrates that while short term IFN-α therapy induces innate
antiviral immunity, it does not dramatically enhance or suppress viral replication. However, studies
in the SIV model to determine therapeutic potential of chronic IFN-α therapy for the treatment of
HIV will require macaque specific cytokines.
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Background
Interferon (IFN)-α is produced by many cell types, but redominantly by plasmacytoid dendritic
cells, after exposure to viruses, bacteria, and/or foreign eukaryotic, tumor, or virus-infected
cells [5]. Precise molecular mechanisms for the antiviral, antiproliferative, and
immunomodulatory effects of IFN are not completely understood. The mechanisms by which
IFNs exert their antiviral effects have been studied most thoroughly [15]. Studies of both RNA
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and DNA viruses indicate that the inhibition of translation and virion assembly appear to be
the principal modes of the antiviral effects of interferons. Some of the earliest cytokines induced
in viral infections are α/β interferons. Their antiviral effect function is mediated by several
IFN-inducible genes that interfere with viral RNA (vRNA) and protein synthesis [17].

Interferons have potent and diverse immunoregulatory effects, which include induction of other
cytokines, activation of macrophages and dendritic cells, augmentation of natural killer (NK)
cytotoxicity, antibody-dependent cellular cytotoxicity, or T-cell cytotoxicity, and alterations
of cell trafficking [3,4,7,13,14,17]. Limited data are available regarding monitoring immune
responses following administration of therapeutic IFN-α to humans. New insights into IFN-
α effects on NK-cell regulation and dendritic-cell maturation suggest intermediary cellular
interactions as well as inducing a TH1-type cytokine response locally [5,16]. Indeed, studies
in rhesus macaques demonstrate that IFN may protect the animals against vaccinia challenge
even when the virus is resistant to IFN in vitro, suggesting that immune modulation may
predominate in controlling viral infections even when its antiviral mechanisms are not effective
[19].

Extensive in vitro experiments examining the effect of IFN-α on HIV replication have been
performed [12]. IFN-α inhibits both early HIV replication and integration as well as late-stage
assembly and packaging of viral particles [8]. However, in vivo experiments examining the
immunomodulatory pathways triggered by therapeutic IFN-α administration are limited and
have not been performed in the setting of HIV/SIV infection.

Pegasys® [pegylated (40 kDa) branched IFN-α2a; Roche Pharmaceuticals, Nutley, NJ, USA]
offers an opportunity to revisit the safety, tolerability, and efficacy of IFN-α for the treatment
of HIV infection because of its pharmacokinetic and pharmacodynamic properties. These pilot
experiments were designed to explore the virologic effects of IFN-α in the setting of chronic
SIV infection.

Methods
Animals

California National Primate Research Center colonybred juvenile male rhesus macaques
(Macaca mulatta), seronegative for simian-type D retroviruses, simian T-cell lymphotropic
virus, and SIV, were housed in accordance with the American Association for Accreditation
of Laboratory Animal Care Standards. The investigators adhered to the guidelines of the
Committee on Care and Use of Laboratory Animals, National Resources Council. All
experiments were approved by the institution animal use committee prior to implementation.

Seven juvenile macaques (none were MamuA01 +) chronically infected by the intravenous
route with SIVmac251 (100 TCID50) approximately 20 weeks prior to enrollment were
randomized to receive either normal saline (n = 3) or pegylated IFN-α2a (Pegasys®) at 50 µg
(n = 4) once per week by the intramuscular injection. At the time of randomization, none had
evidence of opportunistic infections.

Blood samples were collected weekly for analysis of pharmacologic, biochemical, virologic,
and immunologic parameters.

Virus load measurement
Plasma samples were analyzed for vRNA by a quantitative branched DNA assay [6,21]. Virus
load in plasma samples is reported as log10 vRNA copy numbers per ml of plasma. The
detection limit of this assay is 125 vRNA copies.
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Pegylated IFN-α2a levels
Serum trough drug levels were measured on samples drawn just prior to the next dose by
Prevalere (Albany, NY, USA).

Cytokine mRNA analysis
Peripheral blood mononuclear cell (PBMC) cytokine mRNA levels were determined by real-
time RT-PCR as described previously [1,2].

Results
The animals selected for these experiments were chronically infected with SIV and all had
plasma vRNA levels > 104 copies/ml and relatively low CD4+ T-cell counts, when IFN therapy
was initiated. While hematological and biochemical parameters were similar between
treatment groups (data not shown), two animals randomized to the pegylated IFN-α2a
developed SAIDS-related enterocolitis that was not responsive to standard therapy, prompting
the animals to be killed at week 6 and 10. Thus, only five animals completed the entire 14-
week period of observation (experimental group = 2; control group = 3).

Virologic and immunologic results of IFN-α therapy
Figure 1 depicts the serum pegylated IFN-α2a levels. It should be noted that serum IFN-α levels
were not sustained throughout the treatment period. After 5 weeks of therapy, apparent
gastrointestinal side effects of the drug treatment necessitated a 50% dose reduction. This
decreased dosage produced a sharp drop in serum IFN-α levels. The first 5 weeks of high-dose
IFN-α treatment stimulated considerable innate antiviral immunity in the animals as PMBC
mRNA levels of the IFN-α-inducible antiviral effector molecules 2′–5′ oligoadenylate
synthetase (OAS) and Mx were increased in PBMC through 5 weeks PI (Fig. 2, Panels C and
D). However, the OAS and Mx PBMC mRNA levels in most animals decreased to near baseline
after the IFN-α dose was reduced. Despite unequivocal stimulation of innate immunity by the
IFN-α therapy, there was no effect on plasma SIV RNA levels (Fig. 2, Panel A). Further, the
treatment seemed to have little effect on anti-SIV T-cell proliferative responses (Fig. 2, Panel
B).

Conclusions
Interferon-α exerts antiviral and immunomodulatory affects through multiple pathways. In the
pilot project reported here, chronically SIVmac251-infected macaques responded to therapeutic
IFN-α2a therapy with increased expression of key antiviral innate immune effector molecules
but there was no evidence of that the IFN-α therapy altered SIV replication. In contrast, human
trials employing both pegylated and unpegylated IFN-α therapy either in the setting of HIV
infection alone or coinfection with hepatitis C virus infection have demonstrated a significant,
dose-dependent decrease on HIV plasma vRNA levels [11,20,22].

There are many potential explanations for the inability of our study to detect effects of IFN-
α treatment on SIV replication in vivo. First, the advanced stage of immune suppression in the
chronic SIV-infected macaques selected may have precluded an optimal adaptive antiviral
response to immunomodulatory therapy. Second, although the plasma IFN-α levels were
adequate in all animals during the first 5 weeks of therapy, we did not measure antibodies to
IFN-α to determine if neutralizing antibodies were produced. In fact, the homology between
IFN-α2a and simian IFN-α is only 94%, and antibody formation has been found in nonhuman
primates administered other human IFN-α molecules [18]. Thus, while the pharmacokinetic
assays employed for this study distinguished pegylated and endogenous IFN, the presence of
antibodies to the human IFN-α cannot be excluded. Third, the number of animals needed to be
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able to detect a significant effect in SIV replication may need to be much larger than the five
animals included in this study. In fact, chronically SIV-infected macaques with low CD4+ T
cells were selected for these experiments, with the hope that anti-IFN-α neutralizing antibody
responses would be delayed.

It is not possible to discern whether IFN-α therapy contributed to the development of clinical
signs of SAIDS in the two monkeys in the treatment arm or if this clinical progression was just
part of the normal course of SIV infection. Hematologic and chemistry profiles in the animals
terminated early were not consistent with the specific toxicities associated with IFN-α therapy
in humans (data not shown).

These experiments represent the first trial of therapeutic IFN-α therapy in the non-human
primate model for AIDS and the results indicate that the levels of drug achieved in the first 5
weeks of therapy were comparable to those in humans receiving pegylated IFN-α2a therapy
for the treatment of hepatitis C. As in the human trials, immunologic evidence of a therapeutic
effect was observed as demonstrated by the increase in PBMC mRNA levels of IFN-inducible
antiviral molecules. A unique feature of these experiments was the simultaneous, although
limited, measurement of innate and adaptive immune response subsequent to therapeutic IFN-
α administration. A rise in IFN-inducible antiviral effector molecules was observed, as a
predicted effect of administration of exogenous IFN-α on the innate immune system. However,
an enhancement of SIV- specific T-cell proliferative responses or the increased control of viral
replication that should be associated with enhanced effective adaptive anti-SIV immunity was
not observed.

In summary, these results support further study into the value of therapeutic
immunomodulators in chronic viral infection in rhesus monkeys. Future studies of IFN-α
therapy in SIV-infected macaques will focus on potential applications of this strategy in
humans, including its potential role as an additional element within a highly active antiretroviral
therapy regimen, as a means to consolidate immune reconstitution, or as strategy for delaying
the need to initiate antiretroviral therapy. Simian IFN will likely be required for these
experiments to circumvent interfering antibody formation, however.
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Fig. 1.
Trough IFN-α2a levels in Pegasys-treated monkeys. Serum IFN-α levels are reported in ng/ml
for various time points after the initiation of Pegasys treatment.
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Fig. 2.
Effect of Pegasys treatment in chronic SIV-infected macaques. Panel A: Plasma viral RNA
levels for Pegasys-treated (Brown symbols) and untreated (Blue symbols) monkeys are
reported as log10 viral RNA copies per ml of plasma. Panel B: T-cell proliferative responses
are shown for various time points after Pegasys treatment initiation. The y-axis shows the
Stimulation Index (SI) as calculated by cpm of SIV-stimulated PBMC/cpm of media control
cultures. Panels C and D show the increase in 2′–5′ oligoadenylate synthetase (OAS) and Mx
PBMC mRNA levels, respectively, compared with OAS and Mx PBMC mRNA levels in the
same animal prior to treatment.

Asmuth et al. Page 7

J Med Primatol. Author manuscript; available in PMC 2009 April 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


