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Abstract: Aids is characterized by progressive T cell depletion, immune cells dysfunctions and interferon responsiveness 

that are driven by chronic activation. Antiretroviral therapy (ART), although effective in improving the survival of HIV-1-

infected individuals, has not been able to reconstitute the adaptive immunity. However, ART is neither able to eradicate 

the virus nor has sufficient immune-modulatory effects to control viral infection. This situation points out the dilemma 

that current HIV therapy can maintain the disease in a resting state, but not eliminate it. We have described the use of 

novel chemical agents able to restore T-cell survival by inducing cytokines production. More recently, we suggested a 

complementary therapy based on the chemical induction of endogenous /  interferon. We suggest that a therapeutic 

strategy based upon chemical immune restoration associated with type 1 Interferon (IFN- / ) might represent a mean for 

HIV cure. This finding may be vital for future therapeutic approaches in AIDS disease and the immune reconstitution. 

Understanding these process can lead to a range of new therapeutic interventions. 
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INTRODUCTION 

 Since the use of antiretroviral therapy (ART), human 
immunodeficiency virus (HIV)-related mortality has de-
clined substantially in the developed countries [1]. However, 
ART has neither the capability to eradicate the virus nor suf-
ficient immune-modulatory effect to control viral function. 
In treated patients, a persistent albeit decreased level of 
apoptosis of peripheral blood CD4+ and CD8+ T cells is 
observed despite long-term viral suppression [2]. In addition, 
the long-term use of ART is complicated by drug-related 
toxicities. Moreover, an increasing number of patients with 
HIV/AIDS cannot use the currently approved anti-HIV 
drugs, including the reverse transcriptase and protease in-
hibitors due to the emergence of drug resistance. Many anti-
viral compounds presently in clinical use have a narrow 
spectrum of activity and limited therapeutic usefulness. In 
many parts of the world the cost of the treatment is an impor-
tant problem in fighting the disease. Exploring new scientific 
strategies will provide new insights for future therapeutics 
that aim at viral eradication. Thus, the search for new anti-
HIV molecules represents not only an academic challenge 
but also a necessity for populations in developing countries. 
It is time to seriously consider alternative therapies aimed at 
eradicating the infectious virus from patients. 

HIV-1 INFECTION CHARACTERISTICS 

 HIV infection is characterized by progressive CD4+ T 
cell depletion and immune cells dysfunctions that are driven 
by chronic immune activation. The virus infects CD4

+
 cells, 
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inducing the lysis of infected lymphocytes and the subse-

quent release of virions. However, the direct killing of in-

fected cells cannot by itself account for the progressive im-
munodeficiency observed in patients with AIDS. HIV-1 in-

fection is also characterized by an impairment of the im-

munoregulatory network. This remarkable chronic immune 
activation is observed in HIV-1 infected patients throughout 

infection, leading to abnormal expression of various cytoki-

nes. Thus, the progression of the disease in HIV-1-infected 
patients is characterized at both the early and the late stages 

by a marked dysregulation of the immune system. This phe-

nomenon, observed in humans and in susceptible strains of 
monkeys (e.g., rhesus macaques), is associated with ineffec-

tive control of virus replication; accelerated apoptosis and 

turnover of T and B lymphocytes; increased levels of T cells 
expressing markers of activation and proliferation (e.g., anti-

gen identified by monoclonal antibody Ki-67); and elevated 

serum levels of pro-inflammatory cytokines [3]. Conse-
quently, impaired proliferation response (anergy) and in-

creased apoptosis are the hallmarks of the pathogenesis char-

acteristic of HIV-1 infection [4]. Current ART is presumed 
to exert a positive effect on CD4+ T cell number and im-

mune function. However, this strategy has limitations con-

cerning the restoration of immune cell functions in that im-
mune recovery generally appears incomplete and variable 

[5]. More importantly, ART can successfully suppress viral 

replication but it is not enough to eliminate immune activa-
tion. Clearly, the development of new treatments that can 

restore immune functions may offer a much-needed com-

plementary approach therapy. 

HIV-1 LATENT INFECTION 

 The major obstacle to HIV-1 eradication is the estab-
lishment of a latent infection which hampers the cure of 
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AIDS. In infected individuals, most of the plasma virus in 
permissive cells such as CD4+ cells is produced by active 
rounds of replication. This dynamic process leads to the in-
fection of many cells each day, replacing those killed by 
infection [6]. Some of the circulating virus are produced by 
stable reservoirs which carry a latent form of the virus. HIV-
1 is found integrated into the genome of resting memory T 
cells. With adequate immune stimulation, these cells can be 
subsequently activated and produce virus. This low level of 
viremia persists despite antiretroviral therapy and results in a 
viral release from stable reservoirs [7]. The establishment of 
a reservoir of latently infected CD4+ cells corresponds to a 
normal process of the immune system. The majority of T 
cells in the body is in resting state, half of the cells are naïve 
and the rest are memory cells which have responded to anti-
gens. In HIV infection, the virus replicates preferentially in 
activated CD4+ cells were killed quickly. However, some of 
the activated cells can be infected as they are coming back to 
a resting state. As a result, the latent reservoir becomes clini-
cally important since it renders the HIV infection incurable. 
In addition to CD4+ T lymphocytes, dendritic cells and 
macrophages are considered reservoirs for HIV-1 infection. 
Moreover, infection with HIV-1 results in a remarkable loss 
of cell-functions and an impairment of the immunoregula-
tory network. This state is characterized by T cell energy 
which induces cell hyporesponsiveness to many activation 
signals (antigens) and cytokines [8]. 

 During the past decade, an enormous body of literature 
has accumulated from studies conducted in vitro and in vivo 
that examined the participation of various factors in regulat-
ing the activation of HIV-1 expression. Many additional ap-
proaches have been suggested in an attempt to bolster im-
mune recovery during ART including ex vivo expansion of T 
cell populations and the use of cytokines to expand T-cells in 
vivo. Therapeutic efforts to eliminate latently HIV-1-infected 
cells in vivo are in their infancy. We have proposed a new 
approach aimed at enhancing cell proliferation using chemi-
cal agents [9-11]. We described the use of novel chemical 
agents to restore T-cell survival/proliferation in HIV-1 infec-
tion [10]. In this way, small molecules like Trifluoperazine 
at very low concentration (in which the classical effects of 
the drug are not observed) could restore the proliferation of 
T lymphocytes originated from AIDS patients. These mole-
cules enhanced T cell proliferation and eliminated latent in-
fected cells upon HIV-1 reactivation. This restored cell re-
sponse is associated with the production of IL-2 and Inter-
feron [12]. Despite the HIV-1 release the drug inhibited cell 
mortality and apoptosis. Identification of new compounds 
with potential effect against viral reservoirs is in progress. It 
is likely, that elimination of this reservoir by this novel 
therapeutic approach will be necessary. Nevertheless, viral 
eradication can be accomplished on condition that inhibition 
of HIV-1 replication is maintained. Additional therapeutic 
interventions are therefore required that help inhibit the vi-
rus. To that purpose, we suggested a complementary therapy 
based on the chemical induction of endogenous /  inter-
feron [13].  

HIV-1 AND TYPE 1 INTRFERON 

 Type 1 Interferons (IFN- / ) are produced by most cells 
upon viral infections, have potent antiviral infections, and 
can provide therapy for some immune disorders. IFNs are 

induced by viral infections and also produced constitutively 
at low levels in hematopoietic tissues and have been imput-
able various roles, particularly immune system [14, 15]. 
These functions include effects on the proliferation, survival 
and differentiation of T lymphocytes, the maturation of B-
lymphocytes, and the proliferation and differentiation of 
dendritic cells [16]. IFN /  can cooperate with numerous T-
cell mitogens, including IL-2, IL-4, IL-7, and IL-12 and can 
contribute to the restoration of the immune system [17] and 
are important factors in innate immunity, through their en-
hancement in T cell stimulation [18]. Moreover, IFNs are 
endowed with multiple biological activities [19]. They are 
important players in innate immunity, through their antiviral 
activity against viruses and through their enhancement of T 
cell stimulation. Type 1 IFNs are considered to be major 
players for linking innate to adaptive immunity. They en-
hance adaptive responses by activating dendritic cells (DCs) 
which are critical antigen-presenting cells for initiating im-
munity [20]. They promote the expression of costimulatory 
molecules [21] on human blood monocytes, where type 1 
IFN can stimulate differentiation into DCs [22]. More re-
cently, it has been demonstrated that type I IFN must act 
directly on DCs to induce their maturation into immu-
nostimulatory cells and also is necessary for the generation 
of a Th1 CD4+ adaptive T cell response [23]. This unappre-
ciated role of IFN- /  is likely to be an important mecha-
nism that contributes to its therapeutic effects in viral dis-
eases [24].  

 IFN plays an important role in the treatment and patho-
genesis of HIV disease. It has been proven to be particularly 
effective against HIV-1 replication which affects HIV at 
several stages of its life cycle [24]. Paradoxically, the ap-
pearance of IFN activity in sera of HIV-infected patients is 
associated with disease progression, suggesting that other 
cellular factors might regulate the antiretroviral effects of 
IFN [25]. Recent data in acute simian immunodeficiency 
virus (SIV)sm infection show a relationship between increas-
ing IFN-  plasma levels and acute viremia, yet IFN-  levels 
subsequently decreased in spite of sustained viremia [26]. 
Studies of acute infection in humans have also shown that 
plasma IFN-  levels transiently increased as observed in SIV 
infection. Once chronic infection is established, a decrease in 
IFN-  production has been described in spite of increased 
accumulation of IFN-  mRNA [27]. This interferon respon-
siveness probably due to inappropriate activation may be 
related to the state of anergy observed in AIDS. Evidence 
has already been developed which demonstrates that AIDS 
patients are not capable of producing IFNs. In AIDS, pa-
tients manifest an abnormal acid-labile circulating IFN-  
and are not capable of producing interferon following in-
vitro viral induction [25, 28]. This impairment of IFN-  pro-
duction did not positively correlate with the serum levels of 
this cytokine that increased at later stages of the disease [29, 
30]. It was also reported that cellular responsiveness to ex-
ogenous IFN is altered in HIV infection [31, 32] and only 
higher doses of IFN-  provided protection from apoptosis in 
cells from AIDS patients [31].  

POSSIBLE NEW STRATEGY 

 More recently, we described the immune-modulatory 
effects of riluzole (2-amino-6-trifuromethoxybenzothiazole) 
[33]. Riluzole is characterized by a cationic amphiphilic 
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structure. As an amphiphilic compound it interacts with 
membranes and as a cationic molecule it can interact with 
intracellular targets like DNA (11). 

 The observation that improvement by Riluzole of the 
survival of T cells from HIV-infected patients suggests its 
potential application as an adjuvant in HIV therapy. This cell 
survival was associated with the anti-apoptotic effect. Rilu-
zole exerts protective effects against the spontaneous apop-
tosis of both CD4+ and CD8+ T cells derived from HIV-1-
infected individuals. The anti-apoptotic effect was main-
tained during the culture. The Riluzole action might be inter-
preted as a consequence of the re-entry of a majority of T 
cells into the G0 cell cycle phase. An unexpected finding 
emerging from our study is that the enhancement of cell-
survival as well as the reduction of apoptosis mediated by 
Riluzole in cultures was correlated with the synthesis of type 
1 IFN ( / ). We have reported that Riluzole can induce the 
mRNA expression of IFN-  and IFN- . Only endogenous 
induced type 1 IFN has this beneficial effect whereas exoge-
nous IFN is not effective. In treated cells, Riluzole can also 
induce the mRNA expression of toll like receptors TLR3 and 
TLR7, which were implicated in innate immunity [34]. Sin-
gle strand (ss) RNA is recognized by TLR7. TLR3 can be 
activated by double strand (ds) RNA suggesting that viral 
dsRNA, either genomic or replication intermediate, is critical 
for the antiviral response. The important mechanism 
whereby Riluzole modulates the innate immunity is the ca-
pacity to induce endogenous ( / ) IFN synthesis. The acti-
vation of innate and adaptive responses following acute 
HIV-1 infection would predict that IFN- could remain func-
tional in spite of continued viral replication. Moreover, Rilu-
zole might improve the IFN system, including different gene 
transcription activities. IFN-mediated signaling and tran-
scriptional activation of cellular gene expression are best 
described in the context of Janus kinase/signal transducers 
and activators of transcription (JAK/STAT) pathway pro-
teins. Moreover, different members of the JAK and STAT 
families have distinct functions in cytokine signaling and 
additional signaling pathways which are also activated by 
IFN [34].  

 In treated cells, Riluzole promotes an increase of viral 
RNA. Our data clearly indicate that these high levels of 
viremia do not necessarily lead to cell survival dysfunction. 
Our approach does not target latently HIV-1 infected cells 
directly. Nevertheless, the goal is aimed at enhancing cell 
survival to more rapidly and effectively eliminate latent cells 
upon reactivation of HIV-1 expression. Establishment of 
latency is driven by selection of cells that resist viral replica-
tion. Then, by maintaining the cell survival associated with a 
high viral expression, an elimination of latent virus might be 
possible. 

 HIV-1 eradication therefore requires therapies based 
upon both antiretroviral effects and immune activation that 
could help to restore lymphocyte proliferation, increase IFN 
response and eliminate the virus-infected cells. Many reports 
have indicated that endogenous type 1 IFN, either constitu-
tively or induced, plays an important role in host defense 
[35]. In this regard, endogenous IFN- produced by plasmacy-
toid dendritic cells (PDC) has been shown to play an impor-
tant role in controlling HIV infection in human thymus [36], 
up-regulating host antiviral factors such as APOBEC [37]. 

Type 1 IFN was described to have a role during expansion 
and survival of CD8+ T cells, its role in CD4+ cell responses 
was uncertain. More recently, using polyinosinic polycytidy-
lic acid (poly I:C) as a chemical inducer of IFN, authors 
found that type 1 IFN was a dominant element of the adju-
vant process during CD4+ Th1 immunity in vivo. This innate 
type 1 IFN in vivo induced dendritic cells (DCs) to stimulate 
antigen-specific adaptive immunity [23]. Therefore, the ad-
juvant action of poly IC requires the endogenous production 
of type 1 IFN that directly connects antigen presentation by 
DCs to adaptive immunity.  

 Clinical studies have shown that patients on ART are 
treated with Pegylated-IFN- . Some reports predict that 
IFN-alpha-2b would mediate viral control in the presence of 
antiretroviral therapy as already suggested by the decreased 
HIV titer, observed in HIV/HCV-co-infected subjects, 
treated with IFN-alpha/Ribavirin [38]. However, the lack of 
IFN activity in patients might be partly due to inhibitory ac-
tivity in the fluids. To overcome IFN resistance, increasing 
endogenous IFN production must be able to reverse the 
inhibitory effects. Others have shown that endogenous type 1 
IFN is responsible for maintaining macrophages [39] and 
lymphocytes [40] in antiviral state and we consider that en-
dogenous type 1 IFN can be perceived as an essential media-
tor of innate immunity. In HIV-1 disease, the regulation of 
intracellular signaling may contribute to unresponsiveness to 
type I IFN. Actually, monocytes from HIV-1-infected indi-
viduals showed diminished responses to IFN, including de-
creased induction of phosphorylated STAT1 and the inter-
feron-stimulated gene produces myxovirus resistance protein 
A (MxA) and 2'-5'-oligoadenylate synthetase (OAS) [41]. In 
this report, the authors suggested that defective monocyte 
responses to IFN-alpha/beta may play an important role in 
the pathogenesis of HIV-1 infection.  

CONCLUSION 

 We have described the use of novel chemical agents to 
restore T-cell survival/proliferation by inducing cytokine 
production [9-12]. The immunomodulatory effect of Rilu-
zole was ascribed to endogenous type 1 IFN. As possible 
strategies for manipulation of innate immunity, Riluzole 
might be used for restoring the innate immunity and induc-
ing type 1 IFN sensitization. It is of interest to emphasize 
that immune-based strategy in combination with antiviral 
therapy could control HIV-1 infection. We suggested that a 
therapeutic strategy based upon endogenous IFN synthesis 
[33] associated with antiretroviral intervention might repre-
sent a means for HIV eradication. Such immune-based 
strategies should both maintain T-cell activation and enhance 
the cell functions to clear the HIV-1 infected cells. In this 
context Riluzole and related molecules might be used as part 
of a combined antiretroviral-immune therapeutic approach. 
These results open avenues for therapeutic management of 
HIV pathological conditions associated with down-regulation 
of IFN response. 

ACKNOWLEDGEMENTS 

 This work was supported by grant from Association pour 
le Dévelopement des Biothérapies Expérimentales (AD-
BEA). I am grateful to Drs. C. Chany, JM Biquard and JP 
Mbika for their critical reading of this article. 



A New Anti HIV/AIDS Strategy The Open Antimicrobial Agents Journal, 2010, Volume 2    87 

REFERENCES 

[1] Zolopa AR. The evolution of HIV treatment guidelines: Current 

state-of-the-art of ART. Antiviral Res 2009; 85: 241-5. 
[2] Hansjee N, Kaufmann GR, Strub C, Weber R, Battegay M, Erb P. 

Persistent apoptosis in HIV-1-infected individuals receiving potent 
antiretroviral therapy is associated with poor recovery of CD4 T 

lymphocytes. J Acquir Immune Defic Syndr 2004; 36: 671-7. 
[3] Paiardini M, Pandrea I, Apetrei C, Silvestri G. Lessons learned 

from the natural hosts of HIV-related viruses. Annu Rev Med 
2009; 60: 485-95. 

[4] Levy, JA. HIV pathogenesis: knowledge gained after two decades 
of research. Adv Dent Res 2006; 19: 10-6. 

[5] French MA. Disorders of immune reconstitution in patients with 
HIV infection responding to antiretroviral therapy. Curr HIV/AIDS 

Rep 2007; 1: 16-21. 
[6] Wei X, Ghosh SK, Taylor ME, et al. Viral dynamics in human 

immunodeficiency virus type 1 infection. Nature 1995; 373: 117-
22. 

[7] Siciliano JD, Kajdas J, Finzi D, et al. Long-term follow-up studies 
confirm the stability of the latent reservoir for HIV-1 in resting 

CD4+ T cells. Nat Med 2003; 9: 727-8. 
[8] Fauci AS. Multifactorial nature of human immunodeficiency virus: 

implications for therapy. Science 1993; 262: 1011-8. 
[9] Achour A, Landureau JC, Salerno-Goncalves R, Mazière JC, 

Zagury D. Restoration of the immune response by a cationic am-
phiphilic drug (AY 9944) in vitro : a new approach towards chemo-

therapy against HIV-1. Antimicrob Agents Chemother 1998; 42: 
2482-91. 

[10] Lu W, Achour A, Arlie M, Cao L, Andrieu JM. Enhanced dentritic 
cell-driven proliferation and anti-HIV activity of CD8+ T cells by a 

new phenothiazine derivative, aminoperazine. J Immunol 2001; 
167: 2929-35. 

[11] Achour A. Potentiation of immune system by cationic amphiphilic 
drugs. Trends Pharmacol Sci 2002; 23: 161. 

[12] Achour A, Lu W, Arlie M, Cao L, Andrieu JM. T Cell Survival/ 
Proliferation Reconstitution by Trifluoperazine in Human Immu-

nodeficiency Virus-1 Infection. Virology 2003; 315: 245-58. 
[13] De Maeyer E, De Maeyer-Grignard J. Interferons and other regula-

tory cytokines. John Viley& Sons, Chichester, England 1988. 
[14] Sen GC. Viruses and Interferons. Ann Rev Microbiol 2001; 55: 

255-81. 
[15] Biron, CA. Interferons alpha and beta as immune regulators--A 

new look. Immunity 2001; 14: 661-4. 
[16] Curtsinger JM, Valenzuela JO, Agarwal P, Lins D, Mescher M.F. 

Type I IFNs provide a third signal to CD8 T cells to stimulate 
clonal expansion and differentiation. J Immunol 2005; 174: 4465-9. 

[17] Nunnari G, Pomerantz RJ. IL-7 as a potential therapy for HIV-1-
infected individuals. Expert Opin BiolTher 2005; 5: 1421-6. 

[18] Belardelli F. Role of interferons and other cytokines in the regula-
tion of the immune response. APMIS 1995; 103: 161-79. 

[19] Custinger JM, Mesher MF. Inflammatory cytokines as a third  
signal for T cell activation. Curr Opin Immunol 2010, 22: 333-40. 

[20] Blanco P, Palucka AK, Gill M, Pascual V, Banchereau J. 2001. 
Induction of dendritic cell differentiation by IFN-alpha in systemic 

lupus erythematosus. Science 2001; 294: 1540-3. 
[21] Ito T, Amakawa R, Inaba M, Ikehara S, Inaba K, Fukuhara S.  

Differential regulation of human blood dendritic cell subsets by 
IFNs. J Immunol 2001; 166: 2961-9. 

[22] Santini SM, Lapenta C, Logozzi M, et al. Type I interferon as a 
powerful adjuvant for monocyte-derived dendritic cell development 

and activity in vitro and in hu-PBL-SCID mice. J Exp Med 2000; 
191: 1777-88. 

[23] Longhi MP, Trumpfheller C, Idoyaga J, et al. Dendritic cells  
require a systemic type I interferon response to mature and induce 

CD4+ Th1 immunity with poly I: C as adjuvant. J Exp Med 2009; 

206: 1589-602. 
[24] Lapenta C, Santini SM, Proietti E, et al. Type I interferon is a pow-

erful inhibitor of in vivo HIV-1 infection and preserves human 
CD4(+) T cells from virus-induced  depletion in SCID mice trans-

planted with human cells. Virology 1999; 263: 78-88. 
[25] Lopez G, Titzgerald PA, Siegal FP. Severe acquired immune  

deficiency syndrome in male homosexuals: diminished capacity  
to make interferons-a in vitro associated with severe opportunistic 

infections. J Infect Dis 1983; 148: 962-6. 
[26] Diop OM, Ploquin MJ, Mortara L, et al. Plasmacytoid dendritic 

cell dynamics and alpha interferon production during Simian  
immunodeficiency virus infection with a nonpathogenic outcome. J 

Virol 2008; 82: 5145-52. 
[27] Lehmann C, Taubert D, Jung N, et al. Preferential upregulation of 

interferon-alpha subtype 2 expression in HIV-1patients. AIDS Res 
Hum Retroviruses 2009; 25: 577-81. 

[28] Hersh EM, Gutterman JU, Spector S, et al. Impaired in vitro inter-
feron, blastogenic, and natural killer cell responses to viral stimula-

tion in acquired immune deficiency syndrome. Cancer Res 1985; 
45: 406-10. 

[29] Rossol S, Voth R, Laubenstein HP, et al. Interferon production in 
patients infected with HIV-1. J Infect Dis 1989; 159: 815-21. 

[30] Francis ML, Meltzer MS, Gendelman HE. Interferons in the persis-
tence, pathogenesis and treatment of HIV infection. AIDS Res 

Hum Retroviruses 1992; 8: 199-207. 
[31] Rodriguez B, Lederman MM, Jiang W, et al. Interferon adifferen-

tially rescues CD4 and CD8 T cells from apoptosis in HIV infec-
tion. AIDS 2006, 20, 1379-89. 

[32] Jiang W, Ledermann MM, Salkowitz JR, Rodriguez B, Harding 
CV, Sieg SF. Impaired monocyte maturation in response to CpG 

oligodeoxynucleotide is related to viral RNA levels in human im-
munodeficiency virus disease and is at least partially mediated by 

deficiencies in alpha/beta interferon responsiveness and production. 
J Virol 2005; 79: 4109-19. 

[33] Achour A, Mbika JP, Biquard JM. Enhanced endogenous type 1 
interferon cell-driven survival and inhibition of spontaneous apop-

tosis by riluzole. Virology 2009; 386: 160-7. 
[34] Andrea P, Pitha PM. The innate antiviral response: new insights 

into continuing story. Advances In Virus Research 2007; 69: 1-66. 
[35] Gresser I, Belardelli F. Endogenous type I interferons as a defense 

against tumors. Cytokine Growth Factor Rev 2002; 13: 111-8. 
[36] Gurney KB, Colantonio AD, Blom B, Spits H, Uittenbogaart CH. 

Endogenous IFN-alpha production by plasmacytoid dendritic cells 
exerts an antiviral effect on thymic HIV-1 infection. J Immunol 

2004; 173: 7269-76. 
[37] Argyris EG, Acheampong E, Wang F, et al. The interferon-induced 

expression of APOBEC3G in human blood-brain barrier exerts a 
potent intrinsic immunity to block HIV-1 entry to central nervous 

system. Virology 2007; 367: 440-51. 
[38] Neumann A, Polis M, Rozenberg L, et al. Differential antiviral 

effect of PEG-interferon-alpha-2b on HIV and HCV in the treat-
ment of HIV/HCV co-infected patients. AIDS 2007; 21: 1855-65. 

[39] Belardelli F, Vignaux F, Proietti E, Gresser I. Injection of mice 
with antibody to interferon renders peritoneal macrophages permis-

sive for vesicular stomatitis virus and encephalomyocarditis virus. 
Proc Natl Acad Sci USA 1984; 81: 602-6. 

[40] Gresser I, Vignaux F, Belardelli F, Tovey MG, Maunoury MT. 
Injection of mice with antibody to mouse interferon a/b decreases 

the level of 2-5’-oligo-adenylate synthetase in peritoneal macro-
phages. J Virol 1985; 53: 221-7. 

[41] Hardy GA, Sieg SF, Rodriguez B, et al. Desensitization to type I 
interferon in HIV-1 infection correlates with markers of immune 

activation and disease progression. Blood 2009; 113: 5497-505. 

 
 

Received: May 21, 2010 Revised: August 08, 2010 Accepted: September 23, 2010 

 

© Ammar Achour; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ 

by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited.  

 


