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Objective 
Interferons (IFN) play a major role in innate antiviral immunity 

and have been used in the treatment of diseases caused by various 
RNA viruses [1]. In the past, IFN has been given in clinical trials as 
anti-Human Immunodeficiency Virus (HIV) medication with poor 
sustained efficacy (reviewed in [2]) and current HIV treatment does 
not involve immunomodulatory therapeutics. Although antiretroviral 

therapy (ART) has been shown to reduce morbidity and mortality in 
HIV infected subjects worldwide, it cannot eradicate HIV infection. On 
the other hand, IFN have been proven to cure chronic viral diseases, as 
in the case of Hepatitis B Virus (HBV) [3] and Hepatitis C Virus (HCV) 
[4]. In HCV positive patients, IFN based therapy has demonstrated 
variable success in eradicating HCV infection (reviewed in [5]) and in 
vitro studies have suggested possible IFN effects in suppressing both 
HCV and HIV replication [6]. Furthermore, recent in vitro studies 

Abstract
Objective: This study was aimed to correlate in vivo interferon (IFN) inducible gene (IFIG) expression and IFIG 

induction with viral-load (VL) and VL-kinetics of Human-Immunodeficiency-Virus (HIV) or Hepatitis-C-Virus (HCV) in 
HIV-positive patients treated with pegylated IFN-alpha-2a (PegIFNα). 

Methods: HIV mono-infected patients (N=8) and HIV/HCV co-infected patients (N=23, without HIV-viremia) were 
treated with PegIFNα (180 µg/week) for 12 and 48 weeks, respectively. Blood sampling for monitoring IFIG expression 
occurred at day_0 and week_3, _6 and _12 for HIV mono-infected patients vs. only at day_0 and week_48 for HIV/
HCV co-infected subjects. IFIG expression (N=20) was measured in peripheral blood mononuclear cells by bDNA-
assay. VL levels/changes in plasma were analyzed for correlation with IFIG expression/induction at/between selected 
time points. Overall, P<0.05 was considered significant. 

Results: None of the 20 IFIG expression profiles at day_0 correlated significantly with HIV-VL at day_0. Expression 
at day_0 of 3 IFIG (APOBEC3G/OAS1/OAS2) correlated significantly (r>+0.42/P<0.05) with HCV-VL at day_0. 
The strongest antiviral effect [measured as median viral decline per week: ΔVL/week (log10)] occurred in common 
against HIV and HCV between day_0 and week_3 during 12 weeks of continuous PegIFNα treatment in both cohorts. 
Expression at day_0 of 1 IFIG (APOBEC3A) correlated significantly (r<-0.71/P<0.05) with HIV-ΔVL/week (log10) 
from day_0 to week_3. No significance was reached in correlations between expression values of 20 IFIG at day_0 
and HCV-ΔVL/week (log10) from day_0 to week_3. No significant correlation was detected between IFIG expression 
changes (ΔIFIG=induction) from day_0 to week_3 and HIV-ΔVL/week (log10) from day_0 to week_3. Interestingly, 
induction of 1 IFIG (ΔISG20) from day_0 to week_48 was significantly associated (P<0.05) with permanent HCV 
clearance.

Conclusion: This study demonstrates the differential specificity of PegIFNα mediated molecular actions by 
dissecting the kinetics of IFIG expression and induction, suggesting multiple, possibly non-overlapping mechanisms 
for antiviral effects against HCV and HIV.
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have demonstrated that IFN dependent up-regulation of certain gene 
products, such as 2’,5’-oligoadenylate synthetase (OAS) and myxovirus 
resistance 1 (MX1), executes antiviral activity [7-12]. While these genes 
are known to be important in suppressing HIV and HCV [13], in vivo 
evidence supporting the role of these genes is lacking. 

Pegylated IFN-alpha-2a or -2b (PegIFNα) is an immunomodulatory 
agent approved by the Food and Drug Administration for therapeutic 
use against HCV and/or HBV infection. In in the era of Direct-acting 
Antivirals (DAA) that offer a viable IFN-free regimen for Hepatitis C, 
PegIFNα remains a still broadly used and cost-effective drug component 
of infection management. Several studies have shown that the antiviral 
activity of PegIFNα in suppressing HIV replication may involve 
preventing virion production, largely by inducing “apolipoprotein B 
mRNA editing enzyme, catalytic polypeptide-like" (APOBEC) proteins, 
whereas viral kinetic modeling suggests PegIFNα blocks de novo HIV 
infection of cells [14]. The parent study (AIDS Clinical Trials Group 
[ACTG] protocol 5192) of this work, a phase II PegIFNα trial in HIV 
mono-infected ART-naive patients, found that PegIFNα significantly 
decreased HIV viral load (VL), which correlated inversely with 
expression changes of OAS and other IFN inducible genes (IFIG) [15]. 
Decreased HIV-VL, however, did not correlate with serum interferon 
levels, nor prevented declines of CD4+ T-cell counts [15]. 

The pharmacokinetic and pharmacodynamic profiles of PegIFNα 
for clinical and antiviral parameters were previously reported for 
HIV infected patients [15]. The objective of the current study was to 
characterize the IFN inducible host genetic response that is specifically 
responsible for anti-HIV and anti-HCV action in vivo. Therefore, using 
peripheral blood mononuclear cells (PBMC) from patients who were 
either HCV/HIV co-infected (HIV-aviremic) or HIV mono-infected 
and treated with PegIFNα [15,16], we examined the expression profiles 
of IFIG to identify the most important differential associations of host 
response to therapeutic doses of PegIFNα with HIV-VL and HCV-VL 
levels and declines. 

Methodology
Study subjects

At ≥ 2 different time points, PBMC were obtained from 31 subjects 
recruited from two different cohorts [15,16] and assigned to two 
clinical groups, i.e. HCV/HIV co-infected and HIV-aviremic patients 
(HCV genotype 1; N=23) vs. HIV mono-infected and HIV-viremic 
patients (N=8). In HCV-positive patients PBMC sampling occurred 
before (i.e. day_0) and at the end of a standard therapy over 48 weeks 
with PegIFNα-2b (1.5 μg/kg/week; Peg-Intron®; Schering-Plough) or 
PegIFNα-2a (180 μg/week; Pegasys®; Roche) and ribavirin ((1000-1200 
mg/day; Rebetol, Schering-Plough) as reported elsewhere [16]. In HIV 
mono-infected patients (drug-naïve or ≥12 weeks from receiving ART) 
PBMC sampling occurred at day_0, week_3, week_6 and week_12 
as previously described [15]. HIV mono-infected patients received 
PegIFNα-2a subcutaneously (180 µg/week) in the clinic for 12 weeks 
with two scheduled follow-up visits at 1 and 6 weeks after the treatment 
period [15]. Safety parameters were frequently monitored in addition 
to HCV-VL or HIV-VL along with CD4+ T-cell counts. To this end, 
peripheral blood samples were obtained from all study participants 
at least before initiation of treatment (i.e. day_0), at week_3, week_6, 
week_12 and the follow-up visits. (HCV-positive patients had more 
frequent routine lab tests according to standard treatment protocol). All 
subjects signed informed consents approved by the Institutional Review 
Board (IRB) of the National Institute of Allergy and Infectious Diseases 
(Bethesda, MD), and the study received official approval by the AIDS 

Clinical Trials Group [ACTG protocol 5192] New Work Concept Sheet 
(NWCS 283) [15].

Isolation of PBMC and RNA

PBMC were isolated from white blood cells by the standard Ficoll-
Hypaque Plus (Amersham Biosciences, Uppsala, Sweden) density 
gradient separation technique. RNA was isolated via Qiagen mRNA kits 
(Qiagen, Germantown, MD) according to the manufacturer’s protocol.

bDNA multiplex assay

The QuantiGene Plex 2.0 Assay (Panomics, Fremont, CA), a bDNA 
multiplex assay capable of simultaneously detecting the expression 
of 3 up to 36 RNA targets (http://www.panomics.com/index.
php?id=products_luminexAssays), was used for quantification of gene 
expression data as described elsewhere [17]. 

HCV and HIV viral kinetics

HCV-VL (log10, in 23 HCV/HIV co-infected patients) or HIV-
VL (log10, in 8 HIV mono-infected patients) levels were measured 
at day_0, week_3, week_6 and week_12 and median per week viral 
declines (median ΔVL/week, log10) were calculated between selected 
time points. 

Statistical analysis

Given the differences resulting from distinct biological properties 
of HIV and HCV  and the diversity of cells/organs that they infect, 
this study has been automatically confronted with the methodological 
difficulty of utilizing data with asymmetric structure and unbalanced 
power regarding the ability of analysis results to equally capture viral/
immunological aspects of HIV and/or HCV infection. 

In a first step, linear regression analysis was performed (PARTEK 
Genomic Suite) between expression levels of 20 IFIG at baseline (i.e. 
day_0) and HCV-VL (log10) or HIV-VL (log10) at day_0 in HCV/HIV 
co-infected or HIV mono-infected patients, respectively. 

In a second step, we sought to determine whether expression levels 
of 20 IFIG at baseline (i.e. day_0) correlated with viral drops of HCV or 
HIV during treatment with PegIFNα. To this end, median viral declines 
per week (median ΔVL/week, log10) were calculated between day_0, 
week_3, week_6 and week_12 for HCV and HIV, in separate. As the 
strongest median per week VL declines (ΔVL/week, log10) occurred 
from day_0 to week_3 for both viruses (i.e. HCV and HIV) and HIV-
VL did not change significantly from week_3 (over week_6) to week_12 
during PegIFNα therapy, we exclusively considered median ΔVL/week 
between day_0 and week_3 for investigating VL levels/kinetics of both 
viruses in conjunction with host responses in our analyses. Overall, 
only those results have been presented that remained significant 
after accounting for False Discovery Rate (FDR, please read below).

While SVR is considered a clearly defined end point of PegIFNα 
based therapy against HCV, HIV-VL is a clinically important surrogate 
end point for HIV disease, which, however, cannot fully account for 
successful treatment outcome. To date, no therapy eradicates HIV; thus, 
in this study, no clear therapy end point could be defined for comparing 
HIV and HCV-infection at the level of sustained response to PegIFNα 
based treatment. Therefore, the third step of our analysis was de 
facto limited to implementation of linear regression analysis between 
treatment response and IFIG induction between baseline (i.e. day_0) 
and end of PegIFNα based therapy (i.e. week_48) in 23 HCV/HIV co-
infected patients only. 

http://www.panomics.com/index.php?id=products_luminexAssays
http://www.panomics.com/index.php?id=products_luminexAssays
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In contrast to the HCV/HIV co-infected cohort [16], blood 
sampling for IFIG expression levels measurement was foreseen by 
study protocol for HIV mono-infected patients [15] not only at baseline 
(i.e. day_0) and the end of treatment (i.e. week_12) but also at week_3 
and week_6. Here, we refrained from examining correlations of IFIG 
induction between day_0, week_3, week_6 and week_12 with HIV-
VL decline primarily because findings would not allow any clues to 
be drawn concerning the differential specificity of IFIG expression in 
association with HIV vs. HCV kinetics in vivo (which was a major aim 
of this study). Overall, we computed the Pearson correlation value (r) 
along with the calculated p value (P) for each contrast and then ranked 
all IFIG according to their P values. The cutoff for statistical significance 
was set at 5% (P<0.05). Overall, three different methods have been 
utilized to address FDR: the classical one-stage method [18], the two-
stage sharpened method [19] and the graphically sharpened method 

[20].

Results
As the strongest median per week VL declines (ΔVL/week, 

log10) occurred from day_0 to week_3 for both viruses (i.e. HCV 
and HIV) and HIV-VL did not change significantly from week_3 
(over week_6) to week_12 during PegIFNα therapy (Figure 1), we 
exclusively considered median ΔVL/week between day_0 and week_3 
for investigating VL levels/kinetics of both viruses in conjunction 
with host responses in our analyses. Overall, only those results 
have been presented that remained significant after  accounting  for 
False  Discovery  Rate (FDR, for more details please read under 
Methods/Statistical Analysis).

Differential association of IFIG expression levels at baseline 
(day_0) with HCV-VL vs. HIV-VL before initiation of 
PegIFNα therapy (day_0)

Linear regression analysis revealed a significant correlation 
(r≥+0.42 / P<0.05) between HCV-VL and expression levels of OAS1, 
OAS2, and APOBEC3G in HIV/HCV infected (HIV-aviremic) patients 
(after accounting for FDR, Figure 2). In contrast, none of the 20 IFIG 
expression profiles at day_0 correlated significantly with HIV-VL at 
day_0 (after accounting for FDR, Figure 2).

Figure 1: Viral load (VL) declines of the Hepatitis C Virus (HCV) and Human Immunodeficiency Virus (HIV). 
Median viral load (VL) declines per week (median ΔVL/week, log10) were calculated between day_0, week_3, week_6 and week_12 for HCV and HIV, in separate. 
The strongest (PegIFNα induced) median VL declines per week occurred from day_0 to week_3 for both viruses. Δ is the mathematical symbol for decline.

Figure 2: Correlation between Interferon inducible gene (IFIG) expression and viral load (VL) levels at baseline. 
Differential association of IFIG expression levels (day_0) with Hepatitis C Virus (HCV)-VL and Human Immunodeficiency Virus (HIV)-VL before administration of 
pegylated interferon alpha (PegIFNα). Gene Symbols correspond to Entrez Gene IDs (http://www.ncbi.nlm.nih.gov/gene).

http://www.ncbi.nlm.nih.gov/gene


Citation: Katsounas A, Frank AC, Lempicki RA, Polis MA, Asmuth DM, et al. (2015) Differential Specificity of Interferon-alpha Inducible Gene 
Expression in Association with Human Immunodeficiency Virus and Hepatitis C Virus Levels and Declines in vivo. J AIDS Clin Res 6: 410. 
doi:10.4172/2155-6113.1000410

Page 4 of 6

Volume 6 • Issue 1 • 1000410
J AIDS Clin Res
ISSN: 2155-6113 JAR an open access journal 

Differential association of IFIG expression levels at baseline 
(day_0) with HCV-VL and HIV-VL kinetics during PegIFNα 
therapy (day_0 to week_3)

No significant correlations were detected between IFIG expression 
and HCV-VL declines in 23 HIV/HCV co-infected (HIV-aviremic) 
patients (Figure 3). In 8 HIV mono-infected patients, only baseline 
expression of APOBEC3A correlated significantly (r≤-0.71 / P<0.05) 
with HIV-VL decline (after accounting for FDR, Figure 3). Interestingly, 
a strong lack of PegIFNα driven induction of APOBEC3A has been 
observed in association with high vs. low HIV viremia at baseline; 
for visualizing this trend patients have been assigned in two groups 
depending on whether their HIV-VL at baseline (day_0) were below 
(N=3) or above (N=5) the median HIV-VL at baseline (day_0) as 
calculated for all HIV mono-infected patients (N=8, Supplementary 
Information 1).

Moreover, no significant correlations between IFIG expression 
levels at baseline (day_0) and VL decline from week_3 to week_6 or 
week_6 to week_12 could be detected in 23 HIV/HCV co-infected 
(HIV-aviremic) patients or in 8 HIV mono-infected patients (data not 
shown). 

Association between IFIG inductions (ΔIFIG) with HIV 
declines from day_0 to week_3 in 8 HIV mono-infected patients

No significant correlation was detected between IFIG expression 
changes (ΔIFIG) from day_0 to week_3 and median HIV-VL decline/
week from day_0 to week_3 (Table 1).

Association between IFIG inductions (ΔIFIG: day_0 to 
week_48) with PegIFNα therapy outcome, i.e. sustained 
virologic response (SVR), in 23 HIV/HCV co-infected (HIV-
aviremic) patients

Given that IFIG expression was measured only at day_0 and week_48 
in the HIV/HCV co-infected cohort (in contrast to measurements in 
HIV mono-infected patients that were performed at day_0 and week_3, 
_6, _12 and _18) our means to associate IFIG induction (ΔIFIG) with 
the primary endpoint of virologic response (=elimination of HCV) 
were confined to checking for significant associations between IFIG 
induction from day_0 [21] to week_48 and SVR (=HCV-VL below 

limit of detection at week 72). Here, induction of Interferon stimulated 
exonuclease gene 20 kDa (ΔISG20) showed a significant association 
(P<0.05) with SVR (using 1-way-ANOVA and after  accounting  for 
False Discovery Rate, FDR).

Figure 3: Correlation between Interferon inducible gene (IFIG) expression levels at baseline and viral load (VL) declines. 
Differential association of interferon inducible gene (IFIG) expression levels at baseline (i.e. day_0) with Hepatitis C Virus (HCV)-VL or Human Immunodeficiency 
Virus (HIV)-VL median per week declines from day_0 to week_3 during pegylated interferon alpha (PegIFNα) therapy. Gene Symbols correspond to Entrez Gene IDs 
(http://www.ncbi.nlm.nih.gov/gene).

IFIG
(Δ Gene Symbol)

p value 
[day_0 to week_3]

p value
[day_0 to week_12]

Δ ISG20 1,27E-01 1,58E-01 
Δ APOBEC3G 2,17E-01 2,21E-01 

Δ OAS1 3,10E-01 3,43E-01 
Δ IRF7 3,56E-01 3,79E-01 
Δ IFIT1 4,06E-01 4,23E-01 
Δ ISG15 4,50E-01 4,81E-01 
Δ G1P3 5,46E-01 5,93E-01 
Δ OAS2 6,17E-01 6,64E-01 
Δ MX2 6,19E-01 6,82E-01 

Δ SP110 6,75E-01 6,95E-01 
Δ LY6E 6,79E-01 6,99E-01 

Δ STAT1 6,94E-01 7,12E-01 
Δ MX1 7,19E-01 7,48E-01 

Δ TRIM5 7,21E-01 7,97E-01 
Δ IFIT3 7,43E-01 7,99E-01 

Δ PLSCR1 7,71E-01 8,21E-01 
Δ IFI44 7,75E-01 8,42E-01 

Δ IFITM1 8,28E-01 8,67E-01 
Δ APOBEC3A 8,37E-01 8,78E-01 

Δ EIF2AK2 9,03E-01 9,36E-01 
Δ IFI27 9,79E-01 9,92E-01 

No significant association between IFIG induction and median HIV-VL declines/
week from day_0 to week_3 could be found in 8 HIV mono-infected patients 
receiving pegylated interferon alpha (PegIFNα) therapy. Δ is the mathematical 
symbol for induction. Gene Symbols correspond to Entrez Gene IDs (http://www.
ncbi.nlm.nih.gov/gene). Of note, HIV viremia was still detectable in all HIV mono-
infected donors at week_12; thus, the only pursuable aim regarding the role of 
IFIG induction in determining therapy outcome was here confined to examining 
correlations between IFIG expression changes and median HIV-VL decline/week 
from day_0 to week_12. Of note, no significant correlations were found in this 
regard. No accounting for FDR was considered necessary in these contrast as 
results did not reach significance (i.e., P>0.05).
Table 1: Association between Interferon inducible genes (IFIG) induction and 
Human Immunodeficiency Virus viral load (HIV-VL) declines. 

http://www.ncbi.nlm.nih.gov/gene
http://www.ncbi.nlm.nih.gov/gene
http://www.ncbi.nlm.nih.gov/gene
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Discussion
In this study, we demonstrated that distinct IFIG induction by 

exogenous interferon results in declines of HIV and HCV viral load 
in subjects receiving therapy. Although IFNα has been shown to have 
antiviral efficacy against both HIV and HCV replication [15,22], 
probably mediated through induction of IFIG, the specific role of 
individual IFIG against HIV and HCV has not yet been characterized. 
Here, we were able to dissect the clinical relevance of individual IFIG 
induced by PegIFNα in subjects infected with HIV and/or HCV. These 
findings will be helpful in further understanding IFNα mediated 
antiviral activity in vivo and allow us to make the use of interferon more 
specific and thus hopefully more efficient. 

Despite the well-known capability of PegIFNα based therapy to 
inhibit HCV as well as HIV replication [15,22], the therapeutic outcome 
for HCV is eradication and for HIV is only long term suppression. To 
date, it remains unclear whether this is due to mechanisms devised by 
HIV to circumvent IFN signaling or due to inability of interferons to 
target HIV reservoirs in vivo. In this light, while the biological effects 
of interferons have long been recognized [1,23,24], we were able to 
differentiate the patterns of the host IFIG expression in association with 
viral kinetics to demonstrate the specificity of IFN mediated anti-HCV 
and anti-HIV actions. Our results clearly support the importance of 
some genes, i.e., OAS1/2, MX1/2, APOBEC3A, APOBEC3G and ISG20 
in the human antiviral defense, while also suggesting that these gene 
products likely exert different roles against HIV in comparison to HCV. 

Previous research adds confidence to these results as for example 
APOBEC3A, which has been proven capable of mediating specific 
degradation of the nuclear viral DNA of the hepatitis B retrovirus [25], 
is also characterized by significant up-regulation in individuals with 
undetectable levels of HIV viremia in the absence of ART relative to 
infected (untreated) HIV patients [26]. In this regard, data from the 
present study further highlight the suggested antiretroviral role of 
APOBEC3A but also demonstrate a lack of induction for APOBEC3A 
gene expression in patients with high levels of HIV viremia receiving 
PegIFNα. Moreover, in line with previous work, we confirm that both 
IFIG up-regulation prior to therapy and inability to induce IFIG serve 
as strong negative predictors of SVR in patients with chronic HCV 
infection [16,27]. 

Furthermore, a significant association between SVR and ISG20 
induction in vivo has been described here and elsewhere [21]; however, 
this study was unable to detect the same association between any IFIG 
expression/induction and HIV-VL drop. Hence, it is conceivable that 
PegIFNα induces a distinct antiviral response that specifically targets 
HCV, which leads to clearance of HCV. However, these IFIG, although 
induced in patients with HIV viremia, do not correlate with HIV 
suppression. This is perhaps, due to the inability of PegIFNα and its 
mediators of antiviral activity to effectively target HIV replication. 
Another explanation would be that HIV replication is refractory to 
the same IFIG that target and clear HCV from infected hepatocytes. 
In summary, our results suggest diverse pathways of IFIG induction by 
IFNα that lead to clearance of HCV, which may help us in understanding 
the inability of type I IFN to target HIV reservoirs in vivo.

This research has some limitations that warrant special attention. 
First, the fact that expression of some genes demonstrated correlations, 
which approached but did not reach statistical significance, should be 
considered in the light of the relatively small sample size of the present 
study especially of the HIV mono-infected patient group. Moreover, in 
this study, we neither examined the function of gene products nor the 

expression of the genes in other tissue compartments other than PBMC 
including the lack of liver sampling in HIV/HCV co-infected patients. 
However, in this regard, our previous studies have demonstrated a 
striking positive correlation between IFIG expression in the liver and 
PBMC in HIV/HCV co-infected subjects [28]. Furthermore, a number 
of genes (Tetherin, APOBEC3F, etc…) elsewhere identified as having 
influence on IFN-induced treatment outcome in HCV and HIV 
infection were not subject of investigation in this study [29,30]. Last 
but not least, it will be difficult to validate our findings in other HIV-
cohorts because PegIFNα is not used for treatment of HIV in standard 
clinical settings making it difficult to study large number of HIV mono-
infected patients treated with IFN formulations. Ideally, a comparative 
group of HIV-negative healthy volunteers who received interferon 
may be necessary to weed out the intricate differential effects of 
ongoing HIV replication on IFN signaling. Moreover, measuring IFNα 
concentrations in plasma and correlating them with IFIG expression 
would also be ideal to draw more clear conclusions on IFIG expression/
induction. However, it has been shown that most patients have IFNα 
levels below the limit of detection and that type 2 and 3 interferon 
responses may be the ones that are driving high IFIG expression [31]. 

Taken together, this study provided first in vivo evidence that 
PegIFNα antiviral action is likely mediated by distinct IFIG in HIV 
and HCV infection. Understanding the gene expression differences 
and antiviral effects of IFN administration in HIV-infected patients is 
important, because IFN remains the only known curative treatment for 
chronic (retro-) viral illness [3], whereas current anti-HIV therapies 
alter the course of but cannot cure HIV. Elucidating mechanisms 
underlying IFN effects, therefore, could prove an important step 
forward in the eradication of many chronic viral infections. 

In conclusion, our study is the first attempt to dissect the in vivo 
correlates of IFN signaling that are directly associated with anti-HIV or 
anti-HCV effects. The differential association found in IFIG expression 
with both HIV and HCV kinetics, suggests multiple, possibly non-
overlapping mechanisms (involving regulation of different IFIG) for 
antiviral effect against HCV and HIV. Further research is warranted in 
designing clinical strategies to optimize antiviral effects of IFN in HIV 
infected subjects (e.g. sequential therapy with ART) aimed at achieving 
a cure. Such an understanding could provide important insights into 
immune mechanisms crucial to curing HIV an important goal in the 
global fight against the continuing HIV pandemic. 
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