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Abstract

Bowman-Birk inhibitor (BBI) is a soybean-derived protease inhibitor that has anti-inflammation 

and anti-HIV effect. Here, we further investigated the anti-HIV action of BBI in macrophages, 

focusing on its effect on viral entry. We found that BBI could significantly block HIV entry into 

macrophages. Investigation of the mechanism (s) of the BBI action on HIV inhibition showed that 

BBI down-regulated the expression of CD4 receptor (as much as 80%) and induced the production 

of the CC chemokines (up to 60 folds at protein level) in macrophages. This inhibitory effect of 

BBI on HIV entry could be blocked by the neutralization antibodies to CC chemokines. These 

findings indicate that BBI may have therapeutic potential as a viral entry inhibitor for the 

prevention and treatment of HIV infection.
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1. Introduction

In the absence of a protective vaccine or a cure, HIV infection persists as a major cause of 

morbidity in both developed and non-developed countries. An estimated 36.7 million people 

are infected with HIV worldwide. Therefore, prevention and access to antiretroviral 

treatments (ART) are the best options against HIV infection. Although significant advances 

in ART have been made since the introduction of zidovudine (AZT) in 1987, ART does not 

eradiate HIV and causes severe side effects and the development of drug resistant viruses. 

Thus, there is an urgent need to develop new and safe agents to prevent and treat HIV 
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infection. Apparently, to design anti-HIV strategies that target the early stages of HIV 

infection is critical in the control of HIV spread.

It has been well known that HIV entry into target cells begins with binding of the viral 

envelope glycoprotein (gp120) to the primary receptor (CD4) and co-receptors (CCR5, 

CXCR4). There are three crucial steps in the HIV entry process, each of which could serve 

as a therapeutic target: binding of HIV gp120 with CD4 receptor, binding of the envelope-

CD4 complex to CC chemokine receptors (CCR5 and CXCR4), and fusion of the viral and 

cell membranes (Chan and Kim, 1998; Wyatt and Sodroski, 1998; D’Souza et al., 2000). 

The CC chemokine receptor CCR5 is used for entry by most laboratory-adapted 

macrophage-tropic HIV strains. The CC chemokine ligands, CCL3 (MIP-1α), CCL4 

(MIP-1β), and CCL5 (RANTES) are natural ligands for HIV co-receptor, CCR5. Thus these 

chemokines could inhibit the infection of CCR5-using HIV (R5) strains at the level of entry 

(Alkhatib et al., 1996; Ketas et al., 2003).

Serine proteases are known to be actively involved in pro-inflammatory actions (Safavi and 

Rostami, 2012), including the production of inflammatory cytokines (Breen et al., 1990; 

Lacroix et al., 1993; Contreras et al., 2003; Calabrese et al., 2004; Rizzi et al., 2006). BBI, 

as a serine proteases inhibitor, has anti-inflammatory effects (Ware et al., 1999; Dia et al., 

2008; Dai et al., 2011; Li et al., 2011; Safavi and Rostami, 2012; Aboud et al., 2014). The 

importance of BBI in the inhibition of inflammation is highlighted by its ability to decrease 

LPS-induced inflammatory cytokines (TNF-α, IL-1β, IL-6) and increase anti-inflammatory 

cytokine (IL-10) in macrophages (Li et al., 2011). In vivo studies demonstrated that BBI 

exerts the immune-regulatory and anti-inflammatory effects in the experimental autoimmune 

encephalomyelitis (EAE) model of multiple sclerosis (Safavi et al., 2013). Several studies 

(Ye et al., 2001; Ye and Ng, 2009; Prasad et al., 2010) also showed that BBI could inhibit 

HIV reverse transcriptase in cell-free systems. We showed that BBI inhibits HIV replication 

in macrophages through the induction of the intracellular antiviral factors (Ma et al., 2016). 

Here, we investigated whether BBI can block HIV entry into macrophages. We also 

examined the mechanisms involved in the BBI action on HIV.

2. Materials and methods

2.1. Reagents and antibodies

Bowman-Birk inhibitor (BBI) isolated from soybean (Glycine max) was purchased from 

Sigma-Aldrich (St. Louis, MO). BBI consists of 90% protein as assayed by Biuret, with the 

remainder of a phosphate buffer salt. The stock solution of BBI was prepared in sterile 

culture grade water at the concentration of 1 mg/ml. Polybrene was purchased from Sigma-

Aldrich (St. Louis, MO). PE-cy7 anti-human CD4 (clone: SK3), FITC anti-human CD195 

(CCR5), PE anti-human CXCR4 antibodies for flow cytometry were purchased from BD 

Bioscience (San Jose, CA), eBiosciences (San Diego, CA), BD Bioscience (San Jose, CA), 

respectively. The ELISA kits for RANTES, MIP-1α and MIP-1β were purchased from 

Biolegend Inc. (San Diego, CA), Raybiotech Inc. (Norcross, GA), and Raybiotech Inc. 

(Norcross, GA), respectively. The neutralization antibodies to RANTES, MIP-1α, MIP-1β 
were purchased from R & D Systems Inc. (Minneapolis, MN).
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2.2. Macrophages and HIV strain

Purified monocytes were obtained from Human Immunology Core at the University of 

Pennsylvania (Philadelphia, PA). The Core has the Institutional Review Board approval for 

blood collection from healthy donors. Freshly isolated monocytes were cultured in the 48-

well plate (2.5×105 cells/well) in DMEM containing 10% FBS. Macrophages used in this 

study refer to 7-day-cultured monocytes at 37 °C, 5% CO2. The HIV R5 strains (Jago and 

the pseudotyped HIVADA) were obtained from the AIDS Research and Reference Program 

(National Institutes of Health, Bethesda, MD). HIV pseudotyped with the envelope 

glycoprotein of the R5 isolate HIVADA has a replication-defective viral genome that 

encoded a luciferase reporter gene, which allows a quantitative measure of the levels of 

single-round infection (Geijtenbeek et al., 2000). VSV-G pseudotyped HIV was packaged in 

293 T cells with psPAX2, pMD2. G and pTRIPZ.

2.3. MTS

The effect of BBI on the viability of macrophages was analyzed by 3- (4, 5-

dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner 

salt (MTS) assay. Macrophages cultured in a 96-well plate were treated with different 

concentrations of BBI (50, 100 μg/ml) for 6 days. For MTS assay, 20 μl of CellTiter 96® 

AQueous One Solution Reagent containing MTS and phenazine ethosulfate was added to 

each well of the 96-well plate. Absorbance at 490 nm was measured at 4 h after addition of 

the reagent.

2.4. BBI treatment and HIV infection

Macrophages were treated with different concentrations of BBI (25, 50, and 100 μg/ml) for 

24 h prior to HIV (Jago) infection. After washing away unattached virus, macrophages were 

cultured in medium without BBI. Cells and supernatant were collected on day 5 post-

infection. For pseudotyped virus infection, macrophages were treated with/without BBI (25, 

50 and 100 μg/ml) for 24 h prior to pseudotyped HIVADA infection in the presence of 

polybrene. After washing away unattached virus, fresh medium without BBI was added. 

Macrophages were cultured for additional 48 h prior to cell lysis. Luciferase activities 

(relative light units, RLU) were measured by Spectra Max M5 (Molecular Devices, CA).

For VSVG pseudotyped HIV infection, Macrophages were treated with/without BBI (100 

μg/ml) for 24 h prior to VSV-G pseudotyped HIV infection. The RFP protein expression was 

observed under a fluorescent microscope.

2.5. Reverse transcription and quantitative real-time PCR

Total DNA/RNA from macrophages or RNA from cell-free supernatant was extracted using 

Tri-Reagent (Molecular Research Center, Cincinnati, OH). Reverse transcription was 

performed using the random primer, dNTP, AMV transcriptase and RNase inhibitor 

(Promega Co., Madison, WI) according to the manufacturer’s instruction. Quantitative real-

time PCR (qRT-PCR) was performed with Brilliant SYBR Green Master Mix (Bio-Rad 

Laboratories, Hercules, CA). The primers used for the qRT-PCR amplifications are listed in 

Table 1. All values for RNA quantitative from macrophages were calculated using the delta 

delta Ct method (Schmittgen and Livak, 2008) and expressed as the changes relative to the 
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expression of glyceraldehyde 3-phosphate dehydrogenase (GAPDH) mRNA. Values for 

RNA (HIV Gag) quantitative from cell-free supernatant were determined by HIV standard 

(Kumar et al., 2002).

2.6. Reverse transcriptase (RT) assay

HIV RT activity was determined based on the technique of Willey et al. (Ronald et al., 1988) 

with the modifications (Zhou et al., 2010). In brief, 10 μl of culture supernatant was added to 

50 μl cocktail containing poly A, oligo-dT and (32P) dTTP and incubated overnight at 37 °C. 

The cocktail (30 μl) was then spotted onto pre-marked DE81 paper, dried for 15 min, and 

washed 4 times with 2× saline-sodium citrate buffer and once with 95% ethanol. The filter 

paper was then air-dried, cut into small pieces and putted into bottles which contain 1 ml 

scintillation liquid. Radioactivity was counted in a liquid scintillation counter (PerkinEImer, 

Inc. Shelton, CT).

2.7. ELISA

Cell-free supernatant from macrophage cultures treated with/without different 

concentrations of BBI (25, 50, 100 μg/ml) for 24 h was collected for the analysis of protein 

levels of RANTES, MIP-1α and MIP-1β with ELISA kits. ELISA was performed according 

to the manufacturer’s instructions.

2.8. Flow cytometric analysis

The expression of CD4, CCR5 and CXCR4 were examined by flow cytometer. Macrophages 

in culture plates were detached with Versene buffer (8 g Nacl, 0.2 g Kcl, 1.15 g Na2HPO4, 

0.2 g EDTA, 0.1 g Phenol Red in 1 L). After washing with phosphate-buffered saline 

containing 1% fetal bovine serum, macrophages were incubated with PE-cy7 anti-human 

CD4 (clone: SK3), FITC anti-human CD195 (CCR5), PE anti-human CXCR4 antibodies at 

room temperature for 30 min. For gp120 and CD4 binding assay, macrophages were 

pretreated with BBI (100 μg/ml) for 24 h at 37 °C. After washing, macrophages were 

incubated with recombinant HIV envelope gp120 conjugated to FITC (15 μg/ml) 

(USBiological, Salem, MA) for 2 h at room temperature. Unstained or isotype-matched 

mouse immunoglobulin G-stained cells were included as a negative control. Stained cells 

were acquired by fluorescence activated cell sorting (FACSCanto II; BD Bioscience, San 

Jose, CA) and analyzed using Flow-Jo software (Tree Star InC, Ashland, OR).

2.9. Neutralization of CC chemokines

Macrophages were treated with/without BBI (100 μg/ml) for 4 h, after washing with PBS, 

macrophages were cultured with fresh medium for additional 20 h. Supernatant was 

collected as BBI-conditioned medium. To neutralize the effects of CC chemokines on HIV, 

BBI-conditioned medium was incubated with the neutralization antibodies to RANTES, 

MIP-1α, MP-1β (20 μg/ml, respectively) for 1 h. The mixture was then added to the 

macrophage cultures prior to HIV (Jago) infection. After washing away unbound virus, BBI-

conditioned medium and neutralization antibodies to CC chemokines were added to the 

cultures. Cell-free supernatant was collected on day 5 and determined by real time RT PCR 

for HIV Gag gene.
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2.10. Statistical analysis

Where appropriate, data were expressed as mean±standard deviation (SD) of triplicate 

cultures. Statistical significance was assessed by Student’s t-test and differences were 

considered to be statistically significant when p<0.05. Statistical analyses were performed 

with GraphPad prism Statistical Software.

3. Results

3.1. BBI inhibits HIV infection of macrophages at the entry level

We firstly determined whether BBI has cytotoxicity on peripheral blood monocyte-derived 

macrophages. As showed in Fig. 1A, BBI at the dose of 50 or 100 μg/ml did not affect cell 

viability. To determine the anti-HIV effect of BBI, 7-day-cultured macrophages were 

pretreated with different concentrations of BBI (25, 50, and 100 μg/ml) prior to HIV (Jago 

strain) infection. Both extracellular HIV (RT activity) (Fig. 1B) and intracellular HIV (Gag 

gene expression) (Fig. 1C) were significantly inhibited by BBI in a dose-dependent manner 

without cytotoxicity (Fig. 1A). To determine whether BBI could inhibit HIV infection at the 

entry level, macrophages were first treated with BBI and then infected with pseudotyped 

HIV derived from ADA strain, which has a replication-defective HIV genome that encoded 

a luciferase reporter gene and allows a quantitative measure of the levels of single-round 

infection (Geijtenbeek et al., 2000). As shown in Fig. 1D, BBI blocked the pseudotyped HIV 

infection of macrophages. To confirm BBI could inhibit HIV entry into macrophages, cells 

were treated with BBI prior to HIV infection. As shown in Fig. 1E, HIV proviral DNA was 

significantly inhibited in BBI-treated macrophages. To further investigate whether BBI can 

inhibit the viral fusion to the cell membranes, BBI-pretreated macrophages were infected 

with VSV-G pseudotyped HIV. As shown in Fig. 1F, BBI had little effect on VSV-G 

pseudotyped HIV infection of macrophages.

3.2. BBI decreases the expression of CD4 and CCR5

To examine the mechanism of BBI-mediated inhibition of HIV entry, we examined the 

impact of BBI on the expression of CD4 receptor, CCR5 and CXCR4 co-receptors in 

macrophages. As shown in Fig. 2, A and D, macrophages treated with BBI expressed 

significantly lower levels of CD4 at both mRNA and protein levels than untreated cells. In 

addition, BBI also inhibited the expression of CCR5 at both mRNA and protein levels in 

macrophages (Fig. 2, B and E). BBI treatment of macrophages, however, had little effect on 

the expression of CXCR4 in macrophages (Fig. 2, C and F). We also determined whether 

BBI could inhibit HIV gp120 binding to CD4 receptor. As shown in Fig. 2G–H, BBI 

treatment of macrophages inhibited gp120 binding to CD4.

3.3. BBI increases CC chemokines

As the ligands of HIV co-receptor CCR5, CC chemokines could block HIV entry by 

competing with the virus for the CCR5 receptor (Alkhatib et al., 1996). We thus explored the 

effect of BBI on the expression of CC chemokines (RANTES, MIP-1α and MIP-1β) in 

macrophages. As shown in Fig. 3, BBI treatment of macrophages induced the production of 

RANTES, MIP-1α and MIP-1β at both mRNA (Fig. 3, A–C) and protein levels (Fig. 3, D–
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F). To confirm the role of the CC chemokines in BBI-mediated HIV inhibition at the entry 

level, we performed the neutralization assay with the antibodies to CC chemokines. As 

shown in Fig. 3G, the neutralization antibodies to CC chemokines could block the inhibitory 

effect of BBI on HIV infection of macrophages.

4. Discussion

HIV entry is an essential step for initiation, spread, and replication of the virus, which 

represents an interesting target for the antiviral therapy. In the present study, we identified 

that BBI, a natural product in soybean, is a potent entry inhibitor of HIV infection of 

macrophages. BBI has been shown to have several therapeutic activities, including anti-

inflammation (Dai et al., 2012; Safavi and Rostami, 2012) and anti-cancer (Souza Lda et al., 

2014). Several studies (Ye et al., 2001; Ye and Ng, 2009; Prasad et al., 2010) showed that 

BBI could inhibit HIV reverse transcriptase in cell-free systems, with the IC50 of 49 μM 

(equal to 387 μg/ml) (Ye et al., 2001). We recently reported that BBI inhibits HIV 

replication in macrophages through the induction of the multiple intracellular antiviral 

factors (Ma et al., 2016). Here, we showed for the first time that BBI was able to block HIV 

entry into macrophages (Fig. 1). As a natural product from soybean, BBI may have safety 

advantage in use for HIV prevention and therapy. It was reported that BBI concentrate 

(BBIC), a soybean extract enriched in BBI (Kennedy et al., 1993), had little toxicity effect in 

the phase I randomized double-blind placebo-controlled trials (Lin et al., 2014). Our in vitro 
experiments showed that BBI at the concentration of 100 μg/ml had little cytotoxicity effect 

on macrophages (Fig. 1A). The cytotoxicity effect of BBI could also be ruled out by the 

observation that BBI induced the expression of the CC chemokines in macrophages (Fig. 

3A–F).

Because the initial binding of HIV envelope gp120 to the CD4 receptors on the target cells is 

a key step for the viral entry, there has been a great interest in finding molecules that block 

the binding of HIV to its entry receptors as an effective way to inhibit HIV infection. Several 

compounds have been developed to inhibit HIV entry through various mechanisms. Soluble 

CD4 (sCD4) are a logical choice as the inhibitors of HIV attachment to CD4 receptor on 

target cells (Lagenaur et al., 2010). As the microbicides that block HIV initial attachment on 

the target cells, PRO2000 (Abdool Karim et al., 2011) and Cyanovirin-N (Alexandre et al., 

2010) could prevent HIV infection. Some microbicides could inhibit HIV entry by binding 

to HIV gp120, such as HIV-binding peptides and lectin (Mahalingam et al., 2011). In 

addition, the agents that mimic the ligands of CCR5 can block HIV entry. For example, 

Maraviroc and Vicriviroc, the selective CCR5 antagonists, specifically bind to CCR5 and 

block cell migration that depends on CCL3, CCL4, CCL5, and CCR5-mediated intracellular 

signaling (Dorr et al., 2005; Caseiro et al., 2012). As compare with these inhibitors of HIV 

entry, BBI may have some advantages, as it has low toxicity, minor side-effects and is cost-

effective. Importantly, BBI not only downregulated the expression of CD4 and CCR5 (Fig. 

2A–B and D–E), but also upregulated the production of the CC chemokines (Fig. 3A–F). 

The role of CC chemokines in the BBI action on HIV entry was confirmed by the finding 

that antibodies to CC chemokines could compromise the inhibitory effect of BBI on HIV 

infection (Fig. 3G). Our previous study (Ma et al., 2016) showed that BBI inhibits HIV 

replication in macrophages through the induction of the multiple intracellular antiviral 
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factors, including IFNs. It was reported (Cremer et al., 2000) that IFNbeta could up-regulate 

the expression of CC chemokines and downregulate the expression of CCR5. Therefore, it is 

likely that BBI-induced IFN-beta may contribute to the induction of CC chemokines (see 

diagram in Fig. 4). To combine our early observations with the findings in this study, we 

conclude that at least two distinct elements are involved in BBI-mediated anti-HIV 

activities: the induction of extracellular factors, CC chemokines that block HIV entry into 

macrophages, and the activation of intracellular HIV restriction factors that inhibit HIV at 

different steps of the viral replication cycle. These anti-HIV mechanisms by BBI are 

important, as they make HIV difficult to develop resistance.

Taken together, while the precise mechanism(s) of the BBI actions on CD4/CCR5 and CC 

chemokines are complexed and remain to be determined, our findings are clinically 

significant and relevant to HIV prevention and treatment. Given the fact that there is limited 

access to conventional antiretroviral therapy (ART) in developing countries and emergence 

of resistant mutants of HIV, BBI and related natural products may provide an additional and 

excellent source for developing new and affordable anti-HIV drugs. Therefore, there is a 

necessity of further in vivo studies on the anti-HIV effect of BBI in order to develop BBI-

based supplementary therapy for prevention and/or treatment of HIV infection, particularly 

for those in resource poor settings.
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Fig. 1. BBI inhibits HIV infection of macrophages at the entry level
(A) Seven-day-cultured macrophages were treated with/without BBI at indicated 

concentrations for 6 days. The cell viability was assessed by MTS assay. The data are 

expressed as the absorbance (490 nm) relative to untreated control, which is defined as 

100%. Data are shown as mean±SD for three independent experiments. Macrophages 

derived from monocytes of the healthy donors were treated with/without indicated 

concentrations of BBI for 24 h prior to HIV (Jago) infection. After washing away unbound 

virus, fresh medium without BBI was added to the cultures. Cells and cell-free supernatant 

were collected on day 5 post-infection for HIV reverse transcriptase (RT) assay (B). Data are 

shown as mean±SD for three independent experiments. (C) Cellular RNA was subjected to 

real time RT PCR for HIV Gag and GAPDH RNA. The data are expressed as HIV RNA 

levels relative (%) to untreated control, which is defined as 100%. Data are shown as mean

±SD for three independent experiments. (D) Macrophages were treated with/without the 

indicated concentrations of BBI for 24 h prior to pseudotyped HIVADA infection. After 

washing away unattached virus, fresh medium without BBI was added. Macrophages were 

cultured for additional 48 h and then lysed with cell lysis buffer. Luciferase activities 

(relative light units, RLU) were measured. The data are expressed as the RLU change vs 

untreated control. Data are shown as mean±SD for three independent experiments. (E) 

Macrophages were treated with/without the indicated concentrations of BBI for 24 h prior to 

HIV (Jago) infection. Macrophages were cultured for additional 24 h and then DNA was 

extracted from the cells. The proviral DNA was quantified with the real time PCR. Data are 

shown as mean±SD for three independent experiments. (*P<0.05, **P<0.01, ***P<0.001 

when performing Student’s t-test). (F) Macrophages were treated with/without BBI (100 

μg/ml) for 24 h prior to VSV-G pseudotyped HIV infection for additional 24 h. The RFP 

protein expression was observed under a fluorescent microscope.
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Fig. 2. BBI decreases CD4 and CCR5
Macrophages were treated with/without BBI at indicated concentrations for 6 h (mRNA) or 

BBI (100 μg/ml) for 24 h (protein). Cellular RNA was collected and subjected to real time 

PCR for the genes indicated and GAPDH RNA (A–C). The data are expressed as RNA 

levels percentage (%) for CD4, CCR5, CXCR4 to untreated control, which is defined as 

100%. Data are shown as mean±SD for three independent experiments. (D–F) CD4 in the 

surface of human macrophages stained with PE-cy7 anti-human CD4 (clone: SK3) antibody, 

CCR5 stained with FITC anti-human CD195 (CCR5) antibody, CXCR4 stained with PE 

anti-human CXCR4 antibody and all of them were detected by flow cytometer 

(FACSCantoII), the arrows indicated macrophages stimulated with/without BBI for 24 h. 

Representative data from three independent experiments are shown. (*P<0.05, **P<0.01, 

when performing Student’s t-test). Macrophages were stimulated with BBI (100 μg/ml) for 

24 h. After washing 3 times with PBS, Macrophages treated with/without BBI were 

incubated with gp120-FITC (15 μg/ml) for additional 2 h, the binding of gp120-FITC to 

CD4 was detected by flow cytometer (G) and fluorescence microscope (magnification, 200) 
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(H). The data from flow cytometer were analyzed with Flow-Jo software. Representative 

data from three independent experiments are shown.
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Fig. 3. BBI increases CC chemokines (ligands of HIV entry co-receptor CCR5)
Macrophages were treated with/without BBI at indicated concentrations for 6 h (mRNA) or 

24 h (protein). Cellular RNA was collected and subjected to real time RT PCR for the genes 

indicated and GAPDH RNA (A–C). The data are expressed as RNA relative (fold) for 

RANTES, MIP-1α and MIP-1β to untreated control, which is defined as 1.0. Data are 

shown as mean±SD for three independent experiments. (D–F) RANTES, MIP-1α and 

MIP-1β proteins were analyzed by ELISA with the specific kits according to the 

manufacturer’s instructions. Data are shown as mean±SD for three independent experiments. 

(G) Macrophages were treated with/without BBI (100 μg/ml) for 4 h, and then washed with 

PBS. The cells were cultured with fresh medium for additional 20 h. The supernatant was 

collected as BBI-conditioned medium. BBI-conditioned medium was incubated with/

without neutralization antibodies to RANTES, MIP-1α, MP-1β (CC chemokines) (20 

μg/ml, respectively) for 1 h prior to HIV-1 (Jago) infection of macrophaegs. IgG antibody 

was used as the control. Cell-free supernatant was collected on day 5 for HIV Gag gene 
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expression by the real time PCR. Data are shown as mean±SD for three independent 

experiments. (*P<0.05, **P<0.01, ***P<0.001 when performing Student’s t-test).
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Fig. 4. Schematic diagram of mechanisms involved in BBI-mediated HIV entry inhibition in 
macrophage
IFN-β released from BBI-treated macrophages binds to type I IFN receptors on the cell 

membrane, and activates intracellular JAK/STAT pathway, leading to the induction of CC 

chemokines and reduction of CCR5, which contributes to the BBI-mediated inhibition of 

HIV entry into macrophages.
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Table 1

Primers for real-time PCR.

Primer Accession no Orientation Sequences

GAPDH NM_002046 Sense 5′-GGTGGTCTCCTCTGACTTCAACA-3′

Antisense 5′-GTTGCTGTAGCCAAATTCGTTGT-3′

MIP1-α NM_002983 Sense 5′-GCTGACTACTTTGAGACGAGC-3′

Antisense 5′-CCAGTCCATAGAAGAGGTAGC-3′

MIP1-β NM_002984 Sense 5′-CCAAACCAAAAGAAGCAAGC-3′

Antisense 5′-AGAAACAGTGACAGTGGACC-3′

RANTES NM_002985 Sense 5′-CTGCATCTGCCTCCCCATA-5′

Antisense 5′-GCGGGCAATGTAGGCAAA-3′

CD4 NM_000616 Sense 5′-GCACGACTCTGCAGAAGGAA-3′

Antisense 5′-CCTAAAAGGGACTCCCCGGT-3′

CCR5 NM_000579 Sense 5′-TCCAGTGAGAAAAGCCCGTAAA-3′

Antisense 5′-GGGAACGGATGTCTCAGCTC-3′

CXCR4 NM_003467 Sense 5′-ATCCCTGCCCTCCTGCTGACTATTC-3′

Antisense 5′-GAGGGCCTTGCGCTTCTGGTG-3′

HIV Gag AJ_437058 Sense 5′-ATAATCCACCTATCCCAGTAGGAGAAA-3′

Antisense 5′-TTTGGTCCTTGTCTTATGTCCAGAATGC-3′

HIV LTR HQ_846904 Sense 5′-TGGAGGACCCGGAGAAAGAA-3′

Antisense 5′-GCTCGATGTCAGCAGTCCTT-3′
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