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Abstract 

[Objective] CD8+ T cells from HIV-1-infected individuals possess HIV-1 suppressive activity 

in both MHC-I-restricted and -unrestricted manner. In addition, alloantigen-stimulated CD8+ 

T cells can suppress HIV-1 replication by MHC-I-unrestricted and cell contact-dependent 

mechanism, but its mechanism is not fully understood. The aim of this study is to elucidate 

the suppressive mechanism for HIV-1 replication in CD4+ T cells induced by 

alloantigen-stimulated CD8+ T cells.  

[Methods] Alloantigen-stimulated CD8+ T cells (Raji-CD8+ T cells) were cultured with 

autologous HIV-1-infected or -uninfected CD4+ T cells. PHA-stimulated CD8+ T cells were 

used as control. Nuclear and cytoplasmic extracts were prepared from the isolated CD4+ T 

cells, and used for the analysis of transcription factors by EMSA and Western-blotting. I also 

analyzed surface molecules on Raji-CD8+ T cells by flowcytometry to identify the HIV-1 

suppressive molecule. 

[Results] Raji-CD8+ T cells suppressed HIV-1 replication, and inhibited NF-NB p65 and Ets-1 

nuclear translocation in HIV-1-infected CD4+ T cells in a cell contact-dependent manner. I 

found that NF-NB and Ets DNA-binding activity were reduced, and nuclear translocation of 

phospho-NF-NB p65 (Ser276) and Ets-1 was inhibited in CD4+ T cells cultured with 

Raji-CD8+ T cells. ICAM-1 expression was higher on Raji-CD8+ T cells than on PHA-CD8+ T 

cells. Neutralization of ICAM-1 on CD8+ T cells or stimulation of LFA-1 on CD4+ T cells did 

not affect the nuclear translocation of NF-NB p65, suggesting that ICAM-1 was not a 

primarily responsible molecule for the inhibition of HIV-1 replication. 

[Conclusion] Inhibition of nuclear translocation of phospho-NF-NB p65 (Ser276) and Ets-1 

plays important roles in suppression of HIV-1 replication in CD4+ T cells co-cultured with 

alloantigen-stimulated CD8+ T cells.   
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1. Introduction 

 Human immunodeficiency virus type 1 (HIV-1) is a lentivirus responsible for the 

development of acquired immunodeficiency syndrome (AIDS) caused by its infection to 

CD4+ T cells, macrophages, and dendritic cells. HIV-1 infection induces strong host 

immune responses, and CD8+ T cells including HIV-1-specific cytotoxic T lymphocytes 

(CTL) play important roles in suppressing the HIV-1 replication in infected individuals 

[1-4]. Previous studies have shown that CD8+ T cells of asymptomatic HIV-1 carriers 

(AC) suppress HIV-1 replication in autologous peripheral blood mononuclear cells 

(PBMC) [5-7]. The clinical significance of these CD8+ T cells has been supported by 

the studies using a simian immunodeficiency virus (SIV)-infected monkey AIDS model 

system both ex vivo and in vivo [8-10]. It has been demonstrated that reduction of 

viremia in the acute phase of SIV infection is associated with the appearance of 

SIV-specific CTL, and that depletion of CD8+ T cells from persistently SIV-infected 

monkeys causes an increase of viral load in vivo [9, 10]. These findings imply that 

CD8+ T cells are the common effector cells contributing to both recovery from the acute 

phase and maintenance of an asymptomatic state in virus infections.  

 It has been reported that CD8+ T cells of AC possess suppressive capacity in not only 

the major histocompatibility complex-I (MHC-I)-restricted but also the 

MHC-I-unrestricted mechanism [11]. The former is HIV-1-specific CTL activity, in 

which HIV-1-infected cells are led to apoptosis through perforins/granzymes pathway 

and Fas/Fas-ligand pathway [12-16]. The latter, on the other hand, is exerted by soluble 

factors and unknown membrane-bound factors without the killing of CD4+ T cell. CD8+ 
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T cells produce various soluble factors that suppress HIV-1 replication in vitro such as 

macrophage inflammatory protein 1-D (MIP-1D), MIP-1E, regulated on activation 

normal T-cell expressed and secreted (RANTES), stromal cell-derived factor 1 (SDF-1), 

macrophage-derived chemokine (MDC), interleukin-16, interferons, and defensin 

[17-22]. However, neutralizing antibodies against these cytokines or chemokines only 

partially inhibit the suppressive activity of CD8+ T cells of AC [5, 23, 24]. Mackewicz 

et al. has reported that CD8+ T cells of AC produce an unknown soluble CD8+ cell 

antiviral factor (CAF) that can suppress HIV-1 replication at a transcriptional level by 

non-cytolytic mechanism [25]. In addition to the CTL activity and soluble factors as the 

mechanism of CD8+ T cell-mediated suppression, Liu et al. has reported that 

HIV-1-irrelevant alloantigen-stimulated CD8+ T cells from HIV-1-uninfected healthy 

donors inhibit X4 and R5 HIV-1 replication in a cell contact-dependent manner [26]. 

Although this mechanism should have an important and unique role in HIV-1 

suppression, its suppressive mechanism has not yet been elucidated. 

 In the present study, to clarify the unknown HIV-1-suppressive mechanism, I 

stimulated CD8+ T cells by HIV-1-irrelevant antigen, alloantigen, to exclude the 

MHC-I-restricted CTL activity. PHA-stimulated CD8+ T cells were used as control, 

which did not possess HIV-1-suppressive activity. These CD8+ T cells were co-cultured 

with HIV-1-infected or -uninfected CD4+ T cells, and nuclear and cytoplasmic extracts 

were prepared from the isolated CD4+ T cells. Using these extracts, I analyzed 

transcriptional factors relating to HIV-1 replication and several molecules regulating 

these transcriptional factors in CD4+ T cells. Moreover, to identify the candidate 
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molecules for unknown HIV-1-suppressive factor, I analyzed surface molecules on 

CD8+ T cells.  
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2. Materials and Methods 

2.1 Cell culture 

2.1.1 Cell line 

 Raji cells (human B cell lymphoma cell line) were cultured in RPMI-1640 medium 

(Sigma-Aldrich, St.Louis, MO) containing 10% heat-inactivated fetal calf serum 

(FCS; Hyclone Laboratories, Inc., South Logan, UT), 100 U/ml penicillin, and 100 

Pg/ml streptomycin. 

 

2.1.2 Isolation of peripheral blood mononuclear cells (PBMC) 

 This study was approved by the ethics committee of Kitasato University of Allied 

Health Sciences (No. 2009-011). After informed consent had been obtained from five 

healthy donors, PBMC were isolated by density gradient centrifugation with 

Ficoll-Hypaque (LymphoprepTM, AXIS-SHIELD PoC, Oslo, Norway), and stimulated 

with 1% Phytohemagglutinin-P (PHA-P, Sigma) for overnight. After washing, PBMC 

were cultured in RPMI-1640 medium (Sigma) containing 10 U/ml of recombinant 

human interleukin-2 (rhIL-2), 10% FCS, 100 U/ml penicillin, and 100 Pg/ml 

streptomycin. 

 

2.1.3 Induction of alloantigen-stimulated CD8+ T cells 

 PBMC were stimulated with Raji cells treated with 0.05 mg/ml Mitomycin C 

(Sigma) in RPMI-1640 containing 10% FCS, 100 U/ml penicillin, and 100 Pg/ml 

streptomycin. The stimulation with Raji cells was performed periodically every week 
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for 4 weeks. The stimulated CD8+ T cells were separated from the cell culture by 

magnetic activating cell sorting (MACS) separation, and used as 

alloantigen-stimulated CD8+ T cells (Raji-CD8+ T cells). The purity of isolated CD8+ 

T cells was analyzed by staining with monoclonal antibodies against CD8 (fluorescein 

isothiocyanate, FITC) and CD3 (phycoerythrin, PE) (BioLegend, San Diego, CA) for 

flowcytometric analysis using MACSQuant flow cytometer (Milteny Biotec, Bergisch 

Gladbach, Germany). 

 

2.1.4 Enrichment of CD4+ T and CD8+ T cells 

 CD8+ T cells were enriched by MACS separation using CD8 microbeads from 

PHA-stimulated PBMCs originating from the same donor as that used for the 

Raji-CD8+ T cell induction. The positively selected fraction was used as the 

PHA-stimulated CD8+ T cells (PHA-CD8+ T cells), and the negatively selected fraction 

was used as the CD4+-enriched T cells. The CD4+-enriched T cells were cultured with 

autologous PHA-CD8+ T cells or Raji-CD8+ T cells at a ratio of 1:3. After 1 or 4 days of 

culture, CD8+ T cells were removed and CD4+ T cells were enriched for the preparation 

of nuclear and cytoplasmic extracts. 

 

2.1.5 Neutralization of interaction between ICAM-1 and LFA-1 

 PHA-CD8+ T cells or Raji-CD8+ T cells were treated with anti-ICAM-1 antibody or 

isotype control antibody (BioLegend) at 10 Pg/ml for 2 h at 37°C with 5% CO2. After 

washing with 10% FCS RPMI-1640, the cells were cultured with autologous 
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CD4+-enriched T cells for 1 or 4 days. The CD4+ T cells were isolated from the 

co-culture using Auto MACS, and used for preparation of nuclear and cytoplasmic 

extracts. 

 

2.1.6 LFA-1 stimulation with recombinant ICAM-1 

 CD4+-enriched T cells were isolated from PHA-stimulated PBMCs using Auto 

MACS, and cultured in a 96-well plates coated with 0.1, 1, 5, and 10 Pg/ml 

recombinant human ICAM-1 IgG1 Fc chimera (R&D Systems, Minneapolis, MN) or 

human IgG1 isotype as control (Serotec, Oxford, OX5 1GE, UK). After 1 or 4 days of 

culture, CD4+ T cells were collected and used for preparation of nuclear and 

cytoplasmic extracts. 

 

2.2 HIV-1 infection and suppression assay 

2.2.1 HIV-1 infection of CD4+ T cells in vitro 

 HIV-1 used for in vitro infection was a filtered culture supernatant of MOLT4/LAI 

C-3 cells [27]. For HIV-1 infection, CD4+ T cells isolated from HIV-1-unifected 

healthy donors were spinoculated with culture supernatants containing HIV-1 at a 

multiplicity of infection of 0.03 to 0.1 at room temperature for 1.5 h, extensively 

washed, and cultured in a medium containing recombinant human IL-2 at a 

concentration of 105 cells/200 Pl in a 96-well round-bottom plate. 

 

2.2.2 Measurement of HIV-1 p24 by ELISA 
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 The concentration of HIV-1 p24 antigen in the culture supernatants was measured 

by enzyme-linked immunosorbent assay (ELISA kits were kindly provided by 

Dr.Tanaka Y, the University of Ryukyu). 

 

2.2.3 Reverse transcription-polymerase chain reaction (RT-PCR) 

 Viral RNA in the culture supernatants was extracted with the illustra RNAspin mini 

kit (GE Lifesciences, Little Chalfont, UK) in accordance with the manufacturer’s 

instructions. The RNA was eluted in 40 Pl of nuclease-free water. For the RT reaction, 

the eluted RNA sample was added to 2×Ampdirect Plus (Shimadzu, Kyoto, Japan), 

M-MLV (200 U/Pl) (Invitrogen, Carlsbad, CA, USA), and HIV-1 LAI long terminal 

repeat (LTR) reverse primer (5'-agcactcaaggcaagcttta-3'). The RNA was 

reverse-transcribed at 37°C for 30 min followed by denaturation of the enzyme at 95°C 

for 5 min. The diluted cDNA was amplified in a reaction mixture containing HIV-1 LAI 

LTR forward primer (5'-ccctgattagcagaactacac-3') and BIOTAQ HS (5 U/Pl) 

(Shimadzu) under conditions of 40 cycles of 95°C for 30 s, 60°C for 30 s, and 72°C for 

1 min [28]. 

 

2.3 Preparation of nuclear and cytoplasmic extracts from CD4+ T cells 

 Nuclear and cytoplasmic extracts were prepared from CD4+ T cells using a 

Nuclear/Cytosol Fractionation Kit (BioVision, Inc., Mountain View, CA). The protein 

concentration of the nuclear extracts was measured by Bradford assay (Bio-Rad 

Laboratories, Inc., Hercules, CA). The protein concentration in the cytoplasmic extracts 
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was measured using a 2D-Quant kit (GE Healthcare, Little Chalfont, UK). 

 

2.4 Electrophoretic mobility shift assay (EMSA) 

 EMSA was performed using nuclear extracts from CD4+ T cells; double-stranded 

DNA oligomers were labeled with [D-32P]-dNTP with a Klenow Fragment and Random 

Primer DNA Labeling Kit ver.2.0 (Takara Bio Inc., Shiga, Japan). Table 1 shows the 

sequences of the double-stranded DNA oligomers used. For blocking of non-specific 

DNA-protein binding, one microgram of nuclear extract was incubated in reaction 

mixture including 20 mM HEPES-KOH (pH7.9), 50 mM KCl, 5% glycerol, 1 mM 

EDTA (pH 8.0), 10 mM DTT, BSA (10 mg/ml), and poly dI-dC (1 mg/ml) for 15 min 

on ice. After incubation, [D-32P]-labeled DNA oligomers and/or cold-competitors were 

added to the reaction mixture for 20 min on ice. The reaction mixture was then loaded 

on a 5% polyacrylamide gel and electrophoresed in 0.5×TBE buffer containing 45 mM 

Tris, 45 mM boric acid, and 25 mM EDTA at 150V at 4 °C. The gel was dried, and 

DNA-protein complexes were detected by autoradiography. 

 

2.5 Western-blotting 

 Nuclear and cytoplasmic extracts from CD4+ T cells were fractionated by sodium 

dodecyl sulfate (SDS) -polyacrylamide gel electrophoresis (PAGE). Western analysis 

was performed using the following-primary antibodies: anti-PKA-C rabbit monoclonal 

antibody, anti-PKA-C phospho-Thr197 rabbit monoclonal antibody, anti-NF-NB p65 

rabbit monoclonal antibody, anti-NF-NB p65 phospho-Ser276 rabbit polyclonal 
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antibody, anti-NF-NB p65 phospho-Ser536 rabbit monoclonal antibody, anti-Akt rabbit 

polyclonal antibody, anti-Akt phospho-Ser473 rabbit monoclonal antibody, anti-p38 

MAPK rabbit polyclonal antibody, anti-p38 MAPK phospho-Thr180/Tyr182 rabbit 

monoclonal antibody, anti-Caspase-3 rabbit monoclonal antibody (Cell Signaling 

Technology, Danvers, MA), anti-Ets-1 mouse monoclonal antibody, anti-INB-D rabbit 

polyclonal antibody, anti-HSP-90D/E mouse monoclonal antibody (Santa Cruz 

Biotechnology Inc., Santa Cruz, CA), anti-GAPDH mouse monoclonal antibody, and 

anti-beta actin mouse monoclonal antibody (Abcam, Cambridge, UK), anti-C11orf17 

(AKIP-1) rabbit polyclonal antibody (Abnova, Taipei city, Taiwan), anti-histone H3 

rabbit monoclonal antibody (BioLegend). Each protein was detected using the following 

appropriate-secondary antibodies: horseradish peroxidase (HRP)-conjugated donkey 

anti-rabbit IgG polyclonal antibody and HRP-conjugated goat anti-mouse IgG 

(BioLegend), and visualized on X-ray film (FujiFilm Corporation, Tokyo, Japan) after 

incubation with a chemiluminescent substrate (GE Healthcare, Buckinghamshire, UK). 

 

2.6 Flowcytometric analysis 

 PHA-CD8+ T cells and Raji-CD8+ T cells were stained with the following fluorescent 

conjugated monoclonal antibodies: CD8 (FITC), VCAM-1 (PE), Fas-L (PE), BTLA 

(PE), 2B4 (PerCP/Cy5.5), PD-1 (PerCP/Cy5.5), Tim-3 (PE/Cy7), CTLA-4 (APC), and 

ICAM-1 (APC) (BioLegend,). The stained cells were analyzed by a MACSQuant flow 

cytometer (Miltenyi Biotec). 
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2.7 Statistics 

 Statistical significance was analyzed using the Student t test. Values were considered 

statistically significant when P < 0.05.  
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3. Results 

3.1 Inhibition of NF-NB p65 and Ets-1 nuclear translocation in HIV-1-infected 

CD4+ T cells co-cultured with Raji-CD8+ T cells 

 CD4+-enriched T cells from two donors were infected with HIV-1, and co-cultured 

with Raji-CD8+ T cells which had been stimulated with alloantigen B cell line, Raji. 

CD4+-enriched T cells were also co-cultured with autologous PHA-stimulated CD8+ T 

cells (PHA-CD8+ T cells) and used as control. First, I assessed the HIV-1-suppressive 

capacity by Raji-CD8+ T cells by ELISA, Western blotting, and RT-PCR. It turned out 

that Raji-CD8+ T cells remarkably suppressed HIV-1 replication in CD4+ T cells 

compared with PHA-CD8+ T cells at 4 days of incubation (Figure 1A-1C). From these 

results, I assumed that Raji-CD8+ T cells might transduce some signals affecting the 

transcriptional factors in CD4+ T cells leading to the suppression of HIV-1 replication. 

To investigate the mechanism of the suppression, I extracted the nuclear and 

cytoplasmic fraction from HIV-1-infected CD4+ T cells cultured with either PHA-CD8+ 

T cells or Raji-CD8+ T cells, and analyzed transcriptional factors NF-NB p65 and Ets-1 

by Western-blotting. I found that the amount of NF-NB p65 in nucleus was decreased in 

HIV-1-infected CD4+ T cells co-cultured with Raji-CD8+ T cells in comparison with 

those cultured with PHA-CD8+ T cells (Figure 2A, 2B). In addition, Ets-1 was clearly 

decreased in the nuclei of HIV-1-infected CD4+ T cells co-cultured with Raji-CD8+ T 

cells (Figure 2A, 2C). These results suggested that inhibition of NF-NB p65 and Ets-1 

nuclear translocation contributed to the suppression of HIV-1 replication by Raji-CD8+ 

T cells. 
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3.2 Reduction of DNA-binding activity of transcriptional factors in CD4+ T cells 

co-cultured with Raji-CD8+ T cells 

 Next, to investigate further the mechanism for the suppression of HIV-1 replication, I 

examined DNA-binding activity of NF-NB and Ets in CD4+ T cells cultured with PHA- 

CD8+ T cells or Raji-CD8+ T cells. For the biological safety and prevention of 

HIV-infection to the experimenter, all the following experiments were carried out using 

HIV-1-uninfected CD4+ T cells. EMSA was performed for NF-NB and Ets as well as 

other transcriptional factors NFAT and TCF. I observed that DNA-binding activity of 

NF-NB and Ets was remarkably reduced in CD4+ T cells cultured with Raji-CD8+ T 

cells, whereas DNA-binding activity of neither NF-NB nor Ets was affected in CD4+ T 

cells cultured with PHA-CD8+ T cells (Figure 3A). In contrast, NFAT and TCF were not 

affected in CD4+ T cells cultured with Raji-CD8+ T cells. These results suggested that 

the reduction of DNA-binding activity of NF-NB and Ets in autologous CD4+ T cells 

resulted in the suppression of HIV-1 replication in CD4+ T cells. Western analysis 

revealed the reduced nuclear translocation of NF-NB p65 and Ets-1 in HIV-1-uninfected 

CD4+ T cells, confirming the results of HIV-1-infected CD4+ T cells (Figure 3B, 3C).  

 

3.3 The effect of culture supernatants derived from CD8+ T cells on NF-NB p65 

and Ets-1 nuclear translocation 

 To investigate whether culture supernatants of CD8+ T cells affect the NF-NB p65 and 

Ets-1 nuclear translocation, I extracted the nuclear and cytoplasmic fraction from CD4+ 
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T cells incubated with culture supernatants of PHA-CD8+ T cells or Raji-CD8+ T cells, 

and analyzed NF-NB p65 and Ets-1 by Western-blotting. I detected no evident reduction 

of nuclear localization of NF-NB p65 and Ets-1 in CD4+ T cells incubated with culture 

supernatants (Figure 4A-4C). These results indicated that inhibiting of NF-NB p65 and 

Ets-1 nuclear translocation by Raji-CD8+ T cells was exerted by cell contact-dependent 

manner, but not by soluble factors such as cytokines, chemokines, or CAF. 

 

3.4 Cellular localization of phosphorylated NF-NB p65 (Ser276) in CD4+ T cells 

 It has been known that phosphorylation of NF-NB p65 by a number of kinases affect 

the nuclear translocation of NF-NB p65 and its transcriptional activity [29-31]. To 

clarify the state of NF-NB p65 phosphorylation, I investigated whether NF-NB p65 in 

the cytoplasm and nucleus of CD4+ T cells cultured with PHA-CD8+ T cells or 

Raji-CD8+ T cells was phosphorylated at serine residues 276 and 536. I observed less 

amount of phospho-NF-NB p65 (Ser276) in the nuclei of CD4+ T cells cultured with 

Raji-CD8+ T cells for one day than in those cultured with PHA-CD8+ T cells (Figure 5A, 

5B). After 4 days of culture, phospho-NF-NB p65 (Ser276) was not clearly detectable in 

the nuclei of CD4+ T cells cultured with Raji-CD8+ T cells and was retained only in the 

cytoplasm. In CD4+ T cells cultured with PHA-CD8+ T cells, on the other hand, 

phospho-NF-NB p65 (Ser276) was transported from the cytoplasm to the nucleus. The 

total phosphorylation rate at Ser276 in nucleus and cytoplasm of CD4+ T cells did not 

differ, irrespective of culture with PHA-CD8+ T cells and Raji-CD8+ T cells (Figure 5C). 

In contrast to the Ser276, there was no difference in the amount of cytoplasmic 
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phospho-NF-NB p65 (Ser536) in CD4+ T cells, irrespective of culture with PHA-CD8+ 

T cells and Raji-CD8+ T cells (Figure 5D, 5E). These results indicated that although 

NF-NB p65 was phosphorylated at Ser276 and Ser536 equally in CD4+ T cells cultured 

with PHA-CD8+ T cells and in those cultured with Raji-CD8+ T cells, nuclear transport 

of phospho-NF-NB p65 (Ser276) was selectively inhibited by co-culture with Raji-CD8+ 

T cells. It is thought that this mechanism plays a central role in the suppression of 

HIV-1 replication induced by cell contact with Raji-CD8+ T cells. 

 

3.5 Analysis of signal transducing molecules relating with phospho-NF-NB p65 

(Ser276) nuclear translocation 

 Next, I analyzed the several signal transducing molecules relating with 

phospho-NF-NB p65 (Ser276) nuclear translocation. Akt, also known as protein kinase 

B (PKB) and p38 mitogen-activated protein kinase (MAPK) are known to regulate 

NF-NB signaling via activation of the IKK complex and INB degradation [32-34]. To 

examine the possibility of participation of these molecules in the reduced nuclear 

translocation of NF-NB p65 induced by Raji-CD8+ T cells, I analyzed the 

phosphorylation of Akt and p38 MAPK in CD4+ T cells. I did not detect significant 

difference between CD4+ T cells cultured with PHA-CD8+ T cells and those cultured 

with Raji-CD8+ T cells (Figure 6A-6C). Next, I analyzed the level of INB-D degradation 

and expression of HSP-90, which interact with IKK and regulate NF-NB nuclear 

translocation [35, 36]. I found that the level of INB-D degradation did not differ 

significantly between CD4+ T cells cultured with PHA-CD8+ T cells and those cultured 
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with Raji-CD8+ T cells (Figure 6D, 6E). Similarly, the amount of HSP-90 showed no 

difference between the two cell types (Figure 6D, 6F).  

 Because protein kinase A (PKA) has been reported to phosphorylate NF-NB p65 at 

serine 276 [37, 38], I analyzed PKA catalytic subunits (PKAc) and phospho-PKAc 

(Thr197) in CD4+ T cells cultured with PHA-CD8+ T cells and those cultured with 

Raji-CD8+ T cells. Neither PHA-CD8+ T cells nor Raji-CD8+ T cells affected the 

phosphorylation and the total amounts of PKAc in CD4+ T cells (Figure 7A-7C). I also 

analyzed AKIP-1 because it binds to NF-NB p65 and regulates its phosphorylation at 

serine residue 276 by PKAc [39]. I found that AKIP-1 expression showed no difference 

between CD4+ T cells cultured with PHA-CD8+ T cells and those cultured with 

Raji-CD8+ T cells (Figure 7D, 7E). These results indicated that Akt, p38 MAPK, INB-D� 

HSP-90, PKAc, or AKIP-1 are probably not involved in the inhibition of nuclear 

translocation of phospho-NF-NB p65 (Ser276) in our experimental condition. 

 

3.6 Flowcytometric analysis of surface molecules on Raji-CD8+ T cells 

 To identify the molecules on Raji-CD8+ T cells responsible for the suppression of 

HIV-1 replication in CD4+ T cells, I examined the surface expression of co-stimulatory 

molecules, adhesion molecules, and negative regulatory molecules on Raji-CD8+ T cells 

in comparison with PHA-CD8+ T cells. It is noteworthy that expression of intercellular 

adhesion molecule-1 (ICAM-1) was significantly higher on Raji-CD8+ T cells than 

PHA-CD8+ T cells (Figure 8, Table 2). Expression of vascular cell adhesion molecule-1 

(VCAM-1) was slightly higher on Raji-CD8+ T cells than PHA-CD8+ T cells. 
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Raji-CD8+ T cells also showed higher expression of 2B4, programmed death-1 (PD-1), 

and T cell immunoglobulin domain and mucin domain-3 (Tim-3), suggesting that 

Raji-CD8+ T cells might be more exhausted than PHA-CD8+ T cells. Cytotoxic 

T-lymphocyte-associated protein-4 (CTLA-4) and Fas-ligand (Fas-L) were not 

expressed on either PHA-CD8+ T cells or Raji-CD8+ T cells, whereas the expression of 

B and T lymphocyte attenuator (BTLA) was slightly higher on PHA-CD8+ T cells than 

on Raji-CD8+ T cells. 

 

3.7 Influence of ICAM-1 neutralization on phospho-NF-NB p65 Ser276 nuclear 

translocation  

 As described above, expression of ICAM-1 on Raji-CD8+ T cells was higher than on 

PHA-CD8+ T cells. Interaction between ICAM-1 and LFA-1 is known to regulate cell 

adhesion and intracellular signaling [40-42]. Previous studies have shown that 

inhibition of this interaction suppresses HIV-1 replication by inducing soluble antiviral 

factors or by inhibiting viral transcription [43, 44]. Therefore, I speculated that ICAM-1 

might be one of the candidate molecules for membrane-bound HIV-1-suppressive 

molecule. To test this hypothesis, I neutralized ICAM-1 on Raji-CD8+ T cells with 

anti-ICAM-1 antibody, and analyzed its effect on phospho-NF-NB p65 (Ser276) nuclear 

translocation in HIV-1-uninfected autologous CD4+ T cells from two donors. The result 

from one donor is shown in Figure 9. As expected from the above studies, the amount of 

phospho-NF-NB p65 (Ser276) and NF-NB p65 was remarkably reduced in the nucleus 

of CD4+ T cells co-cultured with Raji-CD8+ T cells compared with PHA-CD8+ T cells, 
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both which had been treated with isotype control IgG. When Raji-CD8+ T cells were 

pretreated with anti-ICAM1 antibody, the reduced amounts of phospho-NF-NB p65 

(Ser276) in nucleus were not recovered (Figure 9A, 9B). Thus, nuclear translocation of 

phospho-NF-NB p65 (Ser276) was not affected by ICAM-1 neutralization. 

 

3.8 Influence of LFA-1 signaling on NF-NB p65 nuclear translocation  

 Next, I stimulated CD4+ T cells with increasing amount of recombinant ICAM-1 and 

investigated whether intracellular signaling derived from LFA-1 on CD4+ T cells 

inhibited NF-NB p65 nuclear translocation. The result from one of two donors is shown 

in Figure 10. I could not detect significant difference in the amount of nucleus NF-NB 

p65 between control IgG and recombinant ICAM-1 (Figure 10A, 10B). These results 

indicated that ICAM-1 expressed on Raji-CD8+ T cells was not a primary 

membrane-bound HIV-1-suppressive molecule.  
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4. Discussion 

Previously, Liu et al. have reported that HIV-1-irrelevant antigen-stimulated CD8+ 

CTL strongly suppress HIV-1 X4 and R5 virus in a cell contact-dependent manner [26], 

although its mechanism has been unclear. In the present study, to clarify the unknown 

HIV-1-suppressive mechanism, I used the CD8+ T cells stimulated with 

HIV-1-irrelevant antigen, alloantigen, to exclude the HIV-1-specific CTL activity. I 

found that suppression of HIV-1 replication by alloantigen-stimulated CD8+ T cells 

(Raji-CD8+ T cells) was associated with the inhibition of nuclear translocation of 

NF-NB p65 and Ets-1 in HIV-1-infected CD4+ T cells. The inhibition of nuclear 

translocation of NF-NB and Ets as well as their DNA-binding activity were also 

confirmed in HIV-1-uninfected CD4+ T cells cultured with Raji-CD8+ T cells. Culture 

supernatants of CD8+ T cells did not affect the nuclear translocation of NF-NB p65 and 

Ets-1. I examined whether CD4+ T cells were killed by PHA-CD8+ T cells and 

Raji-CD8+ T cells and found that neither cell death nor cleaved caspase-3 was evident in 

CD4+ T cells cultured with both types of CD8+ T cells (data not shown). These results 

suggested that Raji-CD8+ T cells provided some signals to CD4+ T cells leading to the 

inhibition of NF-NB p65 and Ets-1 nuclear translocation in cell contact-dependent 

manner, which may finally resulted in the suppression of HIV-1 replication. 

To clarify the mechanisms of NF-NB p65 nuclear translocation, I analyzed Akt and 

p38 MAPK, which regulate NF-NB signaling via IKK activation [32-34], but these 

molecules were not related to inhibition of NF-NB p65 nuclear translocation. I did not 

find the evidence either showing that other possible regulatory molecules such as 
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INB-D�>��@ and HSP-90 [36] are involved in the NF-NB p65 nuclear translocation in 

CD4+ T cells, suggesting that the IKK-INB pathway may not play a significant role in 

the present experimental system. 

Next, I studied the phosphorylation of NF-NB p65 because it regulates nuclear 

translocation and transcriptional activity of NF-NB p65. Notably, nuclear translocation 

of phospho-NF-NB p65 (Ser276), but not phospho-NF-NB p65 (Ser536), was 

significantly inhibited in CD4+ T cells co-cultured with Raji-CD8+ T cells, indicating 

that inhibition of nuclear transport of phospho-NF-NB p65 (Ser276) was the responsible 

mechanism for the suppression of HIV-1 replication induced by Raji-CD8+ T cells. No 

significant difference was observed between CD4+ T cells cultured with Raji-CD8+ T 

cells and those cultured with PHA-CD8+ T cells in the expression level of PKAc that 

phosphorylates NF-NB p65 at Ser276 [37, 38] or AKIP-1 that regulates NF-NB p65 

nuclear translocation via phosphorylation at Ser276 [39], although I cannot exclude the 

possibility that binding capacity of AKIP-1 for NF-NB p65 differs between them. Other 

molecules responsible for the inhibition of NF-NB p65 nuclear translocation, although 

not analyzed in this study, would be Ras-related associated diabetes (RRAD) that binds 

to the NF-NB p65 subunit and inhibits nuclear translocation [45] and programmed cell 

death 4 (PDCD4) that inhibits the nuclear localization of NF-NB p65 regardless of IKK 

activation and INB degradation [46]. Moreover, nuclear/cytoplasm shuttling molecules, 

including importins or NB-Ras, could also affect the NF-NB p65 nuclear translocation 

[47, 48]. 

 I found that ICAM-1 was highly expressed on Raji-CD8+ T cells in comparison with 



 20 

PHA-CD8+ T cells. Thus, I examined whether ICAM-1 is a membrane-bound 

HIV-1-suppressive molecule by neutralizing it with anti-ICAM-1 antibody. ICAM-1 

neutralization, however, did not affect the NF-NB p65 nuclear translocation. Stimulation 

of LFA-1 on CD4+ T cells with recombinant ICAM-1 induced a slight but 

non-significant degree of NF-NB p65 nuclear translocation. These results suggested that 

interaction between ICAM-1 and LFA-1 might not directly relate to the inhibition of 

NF-NB p65 nuclear translocation induced by Raji-CD8+ T cells. However, it would be 

possible that higher expression of ICAM-1 augments the cell contact between 

Raji-CD8+ T cells and HIV-1-infected CD4+ T cells, leading to the promoted 

suppression of HIV-1 replication. In addition to ICAM-1, 2B4 and Tim-3, known as the 

markers of exhausted CD8+ T cells [49], tended to be highly expressed on Raji-CD8+ T 

cells in comparison with PHA-CD8+ T cells. Even when HIV-1-specific CTLs are 

exhausted and their CTL activity is attenuated by chronic viral infection in vivo, CTLs 

are known to keep the viral load at low level in asymptomatic state. Our results 

suggested that the exhausted Raji-CD8+ T cells might also contribute to suppress the 

HIV-1 replication as in the case of HIV-1-specific CTL. In addition, 2B4 and Tim-3, 

another exhausted markers of CD8+ T cells, have been reported to affect intracellular 

signaling and could be other possible candidates for membrane-bound 

HIV-1-suppressive molecules on Raji-CD8+ T cells [50-52]. 

 Our model for the mechanism of the suppression of HIV-1 replication induced by 

alloantigen-stimulated CD8+ T cells is shown in Figure 11. In conclusion, the present 

study revealed that nuclear translocation of phospho-NF-NB p65 (Ser276) was inhibited 
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in CD4+ T cells cultured with alloantigen-stimulated CD8+ T cells and that 

DNA-binding activity of NF-NB p65 and Ets-1 was suppressed. This event will play an 

important role in the suppression of HIV-1 replication by alloantigen-stimulated CD8+ T 

cells. In particular, the mechanism will have significant importance to suppress the 

replication of mutated HIV-1 escaping from CTL activity, to maintain the viral load in 

asymptomatic state at low level for a long-term. My findings would contribute to the 

development of therapeutic agents for AIDS by targeting the nuclear translocation of 

phospho-NF-NB p65 (Ser276).  



 22 

5. Acknowledgements 

I am grateful to Prof. F. Obata and Dr. M. Kubo, (Division of immunology, Graduate 

School of Medical Sciences, Kitasato University) for supervising throughout this study 

in all aspects. I express particular gratitude to Prof. S. Takahashi, (Division of 

hematology, Kitasato University School of Allied Health Sciences) and Dr. F. 

Kawakami, (Division of Genetic Biochemistry, Kitasato University School of Allied 

Health Sciences) for supporting in EMSA.  



 23 

6. References 

1. Borrow P, Lewicki H, Hahn BH, Shaw GM, and Oldstone MB: (1994). 

Virus-specific CD8+ cytotoxic T-lymphocyte activity associated with control of 

viremia in primary human immunodeficiency virus type 1 infection. J Virol 1994, 

68:6103-6110. 

2. Ferbas J, Kaplan AH, Hausner MA, Hultin LE, Matud JL, Liu Z, Panicali DL, 

Nerng-Ho H, Detels R, and Giorgi JV: Virus burden in long-term survivors of 

human immunodeficiency virus (HIV) infection is a determinant of anti-HIV 

CD8+ lymphocyte activity. J Infect Dis 1995, 172:329-339. 

3. McMichael AJ, and Rowland-Jones SL: Cellular immune responses to HIV. 

Nature 2001, 410:980-987. 

4. Walker BD, and Plata F: Cytotoxic T lymphocytes against HIV. AIDS 1990, 

4:177-184. 

5. Barker TD, Weissman D, Daucher JA, Roche KM, and Fauci AS: Identification 

of multiple and distinct CD8+ T cell suppressor activities: dichotomy between 

infected and uninfected individuals, evolution with progression of disease, and 

sensitivity to gamma irradiation. J Immunol 1996, 156:4476-4483. 

6. Kannagi M, Masuda T, Hattori T, Kanoh T, Nasu K, Yamamoto N, and Harada S: 

Interference with human immunodeficiency virus (HIV) replication by CD8+ T 

cells in peripheral blood leukocytes of asymptomatic HIV carriers in vitro. J Virol 

1990, 64:3399-3406. 

7. Walker CM, Moody DJ, Stites DP, and Levy JA: CD8+ lymphocytes can control 



 24 

HIV infection in vitro by suppressing virus replication. Science 1986, 

234:1563-1566. 

8. Kannagi M, Chalifoux LV, Lord CI, and Letvin NL: Suppression of simian 

immunodeficiency virus replication in vitro by CD8+ lymphocytes. J Immunol 

1988, 140:2237-2242. 

9. Schmitz JE, Kuroda MJ, Santra S, Sasseville VG, Simon MA, Lifton MA, Racz P, 

Tenner-Racz K, Dalesandro M, Scallon BJ, Ghrayeb J, Forman MA, Montefiori 

DC, Rieber EP, Letvin NL, and Reimann KA: Control of viremia in simian 

immunodeficiency virus infection by CD8+ lymphocytes. Science 1999, 

283:857-860. 

10. Mao H, Lafont BA, Igarashi T, Nishimura Y, Brown C, Hirsch V, Buckler-White 

A, Sadjadpour R, Martin MA. CD8+ and CD20+ lymphocytes cooperate to 

control acute simian immunodeficiency virus/human immunodeficiency virus 

chimeric virus infections in rhesus monkeys: modulation by major 

histocompatibility complex genotype. J Virol 2005, 79(23): 14887-14898. 

11. Ohashi T, Kubo M, Kato H, Iwamoto A, Takahashi H, Fujii M, and Kannagi M: 

Role of class I major histocompatibility complex-restricted and -unrestricted 

suppression of human immunodeficiency virus type 1 replication by CD8+ T 

lymphocytes. J Gen Virol 1999, 80 ( Pt 1):209-216. 

12. Smyth MJ, Trapani JA. Granzymes:exogenous proteinases that induce target cell 

apoptosis. Immunol Today 1995, 16(4): 202-206. 

13. Trapani JA, Jans DA, Jans PJ, Smyth MJ, Browne KA, Sutton VR. Efficient 



 25 

nuclear targeting of granzyme B and the nuclear consequences of apoptosis 

induced by granzyme B and perforin are caspase-dependent, but cell death is 

caspase-independent. J Biol Chem 1998, 273(43): 27934-27938. 

14. Sarin A, Williams MS, Alexander-Miller MA, Berzofsky JA, Zacharchuk CM, 

HenkartPA. Target cell lysis by CTL granule exocytosis is independent of 

ICE/Ced-3 family proteases. Immunity 1997, 6(2): 209-215. 

15. Nagata S, Golstein P. The Fas death factor. Science 1995, 267(5203): 1449-1456. 

16. Van Parijs L, Abbas AK. Role of Fas-mediated cell death in the regulation of 

immune responses. Curr Opin Immunol 1996, 8(3): 355-361. 

17. Cocchi F, DeVico AL, Garzino-Demo A, Arya SK, Gallo RC, and Lusso P: 

Identification of RANTES, MIP-1 alpha, and MIP-1 beta as the major 

HIV-suppressive factors produced by CD8+ T cells. Science 1995, 

270:1811-1815. 

18. Oberlin E, Amara A, Bachelerie F, Bessia C, Virelizier JL, Arenzana-Seisdedos F, 

Schwartz O, Heard JM, Clark-Lewis I, Legler DF, Loetscher M, Baggiolini M, 

and Moser B: The CXC chemokine SDF-1 is the ligand for LESTR/fusin and 

prevents infection by T-cell-line-adapted HIV-1. Nature 1996, 382:833-835. 

19. Pal R, Garzino-Demo A, Markham PD, Burns J, Brown M, Gallo RC, and 

DeVico AL: Inhibition of HIV-1 infection by the beta-chemokine MDC. Science 

1997, 278:695-698. 

20. Baier M, Werner A, Bannert N, Metzner K, and Kurth R: HIV suppression by 

interleukin-16. Nature 1995, 378:563. 



 26 

21. Yamamoto JK, Kruzel ML, Louie H, and Georgiades JA: Inhibition of human 

immunodeficiency virus type 1 replication by human interferons alpha, beta and 

gamma. Arch Immunol Ther Exp (Warsz) 1993, 41:185-191. 

22. Zhang L, Yu W, He T, Yu J, Caffrey RE, Dalmasso EA, Fu S, Pham T, Mei J, Ho 

JJ, Zhang W, Lopez P, and Ho DD: Contribution of human alpha-defensin 1, 2, 

and 3 to the anti-HIV-1 activity of CD8 antiviral factor. Science 2002, 

298:995-1000. 

23. Center DM, Kornfeld H, Ryan TC, and Cruikshank WW: Interleukin 16: 

implications for CD4 functions and HIV-1 progression. Immunol Today 2000, 

21:273-280. 

24. Ohashi T, Arai M, Kato H, Kubo M, Fujii M, Yamamoto N, Iwamoto A, and 

Kannagi M: High SDF-1 expression in HIV-1 carriers does not correlate with 

CD8+ T-cell-mediated suppression of viral replication. Virology 1998, 

244:467-472. 

25. Mackewicz CE, Blackbourn DJ, and Levy JA: CD8+ T cells suppress human 

immunodeficiency virus replication by inhibiting viral transcription. Proc Natl 

Acad Sci USA 1995, 92:2308-2312. 

26. Liu H, Ohashi T, Masuda T, Zhou X, Kubo M, and Kannagi M: Suppression of 

HIV-1 replication by HIV-1-irrelevant CD8+ cytotoxic T lymphocytes resulting 

in preservation of persistently HIV-1-infected cells in vitro. Viral Immunol 2003, 

16:381-393. 

27. Harada S, Kobayashi N, Koyanagi Y, and Yamamoto N: Clonal selection of 



 27 

human immunodeficiency virus (HIV): serological differences in the envelope 

antigens of the cloned viruses and HIV prototypes (HTLV-III B, LAV, and ARV). 

Virology 1987, 158:447-451. 

28. Sakudo A, Ikuta K. A technique for capturing broad subtypes and circulating 

recombinant forms of HIV-1 based on anionic polymer-coated magnetic beads. 

Int J Mol Med 2012, 30: 437-42. 

29. Varmeulen L, De Wilde G, Notebaert S, Vanden Berghe W, Haegeman G. 

Regulation of the transcriptional activity of the nuclear factor-kappaB p65 subunit. 

Biochem Pharmacol 2002, 64(5-6): 963-970. 

30. Perkins ND. Post-translational modifications regulating the activity and function 

of the nuclear factor kappa B pathway. Oncogene 2006, 25(51): 6717-6730. 

31. Oeckinghaus A, Hayden MS, Ghosh S. Crosstalk in NF-NB signaling pathways. 

Nat Immunol 2011, 12(8): 695-708. 

32. Madrid LV, Mayo MW, Reuther JY, and Baldwin AS Jr. Akt Stimulates the 

transactivation potential of the RelA/p65 Subunit of NF-κB through utilization of 

the IkB kinase and activation of the mitogen-activated protein kinase p38. J Biol 

Chem 2001, 276:18934-18940.  

33. Slminen A, and Kaarnirata K. Insulin/IGF-1 paradox of aging: Regulation via 

AKT/IKK/NF-κB signaling. Cell Signal 2010;22:573-577 

34. Vasudevan KM, Gurumurthy S, and Rangnekar VM. Suppression of PTEN 

expression by NF-kappa B prevents apoptosis. Mol Cell Biol 2004, 24:1007-1021. 

35. Baeuerle PA, Baltimore D. I kappa B: a specific inhibitor of the NF-kappa B 



 28 

transcription factor. Science 1988, 242(4878): 540-546. 

36. Anderson I, Low JS, Weston S, et al. Heat shock protein 90 controls HIV-1 

reactivation from latency. Pros Natl Acad Sci USA 2014, 111: 560-6. 

37. Zhong H, SuYang H, Erdjument-Bromage H, Tempst P, and Ghosh S: The 

transcriptional activity of NF-kappaB is regulated by the IkappaB-associated 

PKAc subunit through a cyclic AMP-independent mechanism. Cell 1997, 

89:413-424. 

38. Zhong H, Voll RE, and Ghosh S: Phosphorylation of NF-kappa B p65 by PKA 

stimulates transcriptional activity by promoting a novel bivalent interaction with 

the coactivator CBP/p300. Mol Cell 1998, 1:661-671. 

39. King CC, Sastri M, Chang P, Pennypacker J, and Taylor SS: The rate of NF-NB 

nuclear translocation is regulated by PKA and A kinase interacting protein 1. 

PLoS One 2011, 6:e18713. 

40. Evans R, Patzak I, Svensson L, et al. Integrins in immunity. J Cell Sci 2009, 122: 

215-225. 

41. Hogg N, Patzak I, Willenbrock F. The insider’s guide to leukocyte integrin 

signaling and function. Nat Rev Immunol 2011, 11: 416-426. 

42. Verma NK, Kelleher D. Adaptor regulation of LFA-1 signaling in T lymphocyte 

migration: Potential targets for immunotherapies? Eur J Immunol 2014, 44: 

3484-3499. 
43. Rychert J, Jones L, McGrath G, et al. A monoclonal antibody against lymphocyte 

function-associated antigen-1 decreases HIV-1 replication by inducing the 



 29 

secretion of an antiviral soluble factor. Virol J 2013, 10: 120. 
44. Wei B, Han L, Abbink TE, et al. Immune adaptor ADAP in T cells regulates HIV-1 

transcription and cell-cell viral spread via different co-receptors. Retrovirology 

2013, 10: 101. 
45. Liu J, Zhang C, Wu R, et al. RRAD inhibits the Warburg effect through negative 

regulation of the NF-NB signaling. Oncotarget 2015, 6: 14982-92. 

46. Hwang SK, Baker AR, Young MR, et al. Tumor suppressor PDCD4 inhibits 

NF-NB-dependent transcription in human glioblastoma cells by direct interaction 

with p65. Carciogenesis 2014, 35: 1469-80. 

47. Falgerlund R, Kinnunen L, Köhler M, et al. NF-NB is transported into nucleus by 

importin D3 and D4. J Biol Chem 2005, 280: 15942-51. 
48. Tago K, Funakoshi-Tago M, Sakinowa M, et al. NB-Ras is a nuclear-cytoplasmic 

small GTPase that inhibits NF-NB activation through the suppressor of 

transcriptional activation of p65/RelA. J Bio Chem 2010, 285: 30622-33. 
49. Yamamoto T, Price DA, Casazza JP, Ferrari G, Nason M, Chattopadhyay PK, 

Roederer M, Gostick E Katsikis PD, Douek DC, Haubrich R, Petrovas C, and 

Koup RA. Surface expression patterns of negative regulatory molecules identify 

determinants of virus-specific CD8 + T cell exhaustion in HIV infection. Blood 

2011, 117:4805-4815. 
50. Elishmereni M, Levi-Schaffer F. CD48: A co-stimulatory receptor of immunity. 

Int J Biochem Cell Biol 2011, 43: 25-8. 
51. Assarsson E, Kambayashi T, Persson CM, et al. 2B4/CD48-mediated regulation 



 30 

of lymphocyte activation and function. J Immunol 2005, 175: 2045-9. 
52. Merani S, Chen W, Elahi S. The bitter side of sweet: the role of Galectin-9 in 

immunopathogenesis of viral infections. Rev Med Virol 2015, 25: 175-86. 



 31 

Table 1. Sequence of EMSA probes 

 
NF-NB consensus 

 
5'-AAAAGTTGATTTTACTTTCCCGGC-3' 

NF-NB LTR 5'-ACAAGGGACTTTCCGCTGGGGACTTTCCA-3' 

Ets consensus 5'-AAAGGGCTGCTTGAGGAAGTATAAGAAT-3' 

NFAT LTR 5'-CAGAGAAGGTAGAAGAGGCCAATGAAGGAGAGAACAA-3' 

TCF LTR 5'-GGAGTACTACAAGGACTGCT-3' 
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Table 2. Characterization of alloantigen-stimulated CD8+ T cells. 

 
* p< 0.01 ICAM-1 expression on Raji8 significantly increased in comparison to PHA8 

  CTLA-4 BTLA Fas-L VCAM-1 ICAM-1* 2B4 PD-1 Tim-3 

PHA8 
0.05 

± 
0.03 

39.06 
± 

16.06 

1.03 
± 

0.73 

4.28 
± 

2.79 

21.05 
± 

13.05 

15.81 
± 

8.34 

11.32 
± 

7.79 

19.80 
± 

11.75 

Raji8 
0.30 

± 
0.24 

28.82 
± 

5.39 

1.08 
± 

1.04 

12.16 
± 

15.09 

65.04 
± 

14.54 

31.61 
± 

18.2 

17.93 
± 

10.46 

41.58 
± 

22.69 
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Figure 1. Suppression of HIV-1 replication in HIV-1-infected CD4+ T cells co-cultured with 

alloantigen-stimulated CD8+ T cells.�

HIV-1-infected CD4+ T cells were co-cultured with autologous PHA-stimulated CD8+ T cells (PHA8) or 

alloantigen-stimulated CD8+ T cells (Raji8) for 4 days, and nuclear and cytoplasmic extracts were 

prepared from the isolated CD4+ T cells. HIV-1 suppression was evaluated by analysis of the amount of 

HIV-1 p24 Gag in the culture supernatants by ELISA (A), HIV-1 p24 Gag in CD4+ T cells by Western-

blotting (B), and HIV-1 LTR expression in the culture supernatants by RT-PCR (C). HIV-1 LTR 

expression in culture supernatants was normalized by GAPDH of HIV-1-infected CD4+ T cells. �
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Figure 2. Localization of NF-κB p65 and Ets-1 in HIV-1-infected CD4+ T cells. 

�HIV-1-infected CD4+ T cells from two donors were cultured with PHA-CD8+ T cells and Raji-CD8+ 

T cells for 4 days, and nuclear and cytoplasmic extracts were prepared from the isolated CD4+ T cells. 

(A) NF-κB p65 and Ets-1 expressions in CD4+ T cells were analyzed by Western-blotting. (B) The 

relative amounts of nuclear NF-κB p65 in CD4+ T cells were calculated considering the medium 

control as 100%. (C) The relative amounts of nuclear Ets-1 in CD4+ T cells were calculated 

considering that those in the medium control as 100%. GAPDH was used as a cytoplasmic loading 

control and Histone H3 as a nuclear loading control, and representative data are shown.	�
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Figure 3. Suppression of transcriptional activity in CD4+ T cells induced by alloantigen-

stimulated CD8+ T cells.�

�HIV-1-uninfected CD4+ T cells were cultured with PHA-CD8+ T cells and Raji-CD8+ T cells for 1 

or 4 days, and nuclear and cytoplasmic extracts isolated from autologous CD4+ T cells were analyzed 

by EMSA and Western-blotting. (A) Nuclear extracts were incubated with 32P-labeled DNA probes 

corresponding to the NF-κB consensus, NF-κB LTR, Ets consensus, NFAT LTR, and TCF LTR. The 

data for one of three independent experiments are shown. (B) Nuclear localization of NF-κB p65 in 

CD4+ T cells was analyzed by Western-blotting, and calculated the relative amounts considering the 

medium control as 100%. (C) Nuclear localization of Ets-1 in CD4+ T cells was analyzed by Western-

blotting, and calculated the relative amounts considering the medium control as 100%. Western-

blotting analysis was performed by three independent experiments. * p < 0.05 **p < 0.01�
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Figure 4. Analysis of NF-κB p65 and Ets-1 localization in CD4+ T cells incubated with culture 

supernatants. 

�HIV-1-uninfected CD4+ T cells were incubated with culture supernatants of PHA-CD8+ T cells and 

Raji-CD8+ T cells (50% vol.) for 1 or 4 days, and nuclear and cytoplasmic extracts were prepared from 

the isolated CD4+ T cells. (A) NF-κB p65 and Ets-1 localization in CD4+ T cells incubated with culture 

supernatants were analyzed by Western-blotting. (B) The relative amounts of nuclear NF-κB p65 in 

CD4+ T cells were calculated considering the medium control as 100%. (C) The relative amounts of 

nuclear Ets-1 in CD4+ T cells were calculated considering the medium control as 100%. Western-

blotting analysis was performed by two independent experiments.	�
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Figure 5. Analysis of phosphorylated NF-κB p65 in CD4+ T cells.�

�Nuclear and cytoplasmic extracts were isolated from HIV-1-uninfected CD4+ T cells cultured with 

PHA-CD8+ T cells and Raji-CD8+ T cells. (A) Phospho-NF-κB p65 (Ser276) and total NF-κB p65 in 

CD4+ T cells was analyzed by Western-blotting. (B) The amounts of nuclear phosphorylated NF-κB 

p65 (Ser276) were expressed as a  ratio to its  total  amounts present  in nuclei  and cytoplasm. The 

percentage of nuclear phosphorylated NF-κB p65 (Ser276) was expressed relatively to those in the 

medium control (100%). (C) The relative amounts of nuclear and cytoplasmic phosphorylated NF-κB 
p65 (Ser276) were expressed as a ratio to the amounts of total nuclear and cytoplasmic NF-κB p65. 

The  percentages  of  nuclear  and  cytoplasmic  phosphorylated  NF-κB p65 (Ser276)  were  expressed 

relatively to those in the medium control (100%). (D) Phospho-NF-κB p65 (Ser536) and total NF-κB 

p65  in  CD4+  T  cells  was  analyzed  by  Western-blotting.  (E)  The  percentages  of  cytoplasmic 

phosphorylated NF-κB p65 (Ser536) were expressed relatively to those in the medium control (100%). 

Western-blotting analysis was performed by three independent experiments. * p < 0.05�
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Figure 6. Analysis of Akt, p38 MAPK, IκB-α, and HSP-90 in the cytoplasm of CD4+ T cells 

�Cytoplasmic extracts were isolated from HIV-1-uninfected CD4+ T cells cultured with PHA-CD8+ T 

cells and Raji-CD8+ T cells. (A) Akt and phospho-Akt (Ser473), p38 MAPK and phospho-p38 MAPK 

(Thr180/Tyr182) in CD4+ T cells were analyzed by Western-blotting. (B) The relative amounts of 

phospho-Akt (Ser473) in CD4+ T cells were calculated considering the medium control as 100%. (C) 

The relative amounts of phospho-p38 MAPK (Thr180/Tyr182) in CD4+ T cells were calculated 

considering the medium control as 100%. (D) IκB-α and HSP-90 expression in CD4+ T cells was 

analyzed by Western-blotting. (E) The relative amounts of IκB-α in CD4+ T cells were calculated 

considering the medium control as 100%. (F) The relative amounts of HSP-90 in CD4+ T cells were 

calculated considering the medium control as 100%. β-actin and GAPDH were used as a loading 

control. Western-blotting analysis was performed by four independent experiments.�
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Figure 7. Analysis of PKAc and AKIP-1 in the cytoplasm of CD4+ T cells.�

�HIV-1-uninfected CD4+ T cells were co-cultured with PHA-CD8+ T cells and Raji-CD8+ T cells 

for 1 or 4 days, and nuclear or cytoplasmic extracts were prepared from the isolated CD4+ T cells. 

(A) PKAc and phospho-PKAc (Thr197) in CD4+ T cells were analyzed by Western-blotting. (B) The 

relative amounts of PKAc in CD4+ T cells were calculated considering the medium control as 100%. 

(C) The relative amounts of phospho-PKAc (Thr197) in CD4+ T cells were calculated considering 

the medium control as 100%. (D) AKIP-1 expression in CD4+ T cells was analyzed by Western-

blotting. (E) The relative amounts of AKIP-1 in CD4+ T cells were calculated considering the 

medium control as 100%. β-actin and GAPDH was used as loading controls. Western-blotting 

analysis was performed by three independent experiments.�
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Figure 8. Characterization of surface molecules on alloantigen-stimulated CD8+ T cells. 

�Surface molecules of Raji-CD8+ T cells (black line) and PHA-stimulated CD8+ T cells (gray line) 

derived from three healthy donors were analyzed by flowcytometry using immunofluorescent 

antibodies against CD8, CTLA-4, BTLA, Fas-L, VCAM-1, ICAM-1, 2B4, PD-1, and Tim-3. The 

data for one of five independent experiments are shown.	�
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Figure 9. Effects of anti-ICAM1 neutralizing antibody on phospho-NF-κB p65 (Ser276) 

nuclear translocation.�

�HIV-1-uninfected CD4+ T cells were co-cultured with PHA-CD8+ T cells and Raji-CD8+ T cells 

which had been pretreated with anti-ICAM-1 antibody or isotype control antibody. After 1 or 4 

days of culture, CD8+ T cells were removed and CD4+ T cells were used for preparation of nuclear 

and cytoplasmic extracts. The data from one of two donors are shown. (A) Western-blotting 

analysis of nuclear phospho-NF-κB p65 (Ser276) and NF-κB p65 in CD4+ T cells after 4 days of 

culture. (B) The relative amounts of phospho-NF-κB p65 (Ser276) in CD4+ T cells were shown 

after normalization with Histone H3 used as a nuclear loading control, and calculated considering 

the PHA-CD8+ T cells pretreated with isotype control as 100%. �
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Figure 10�
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Figure 10. Analysis of NF-κB p65 localization in CD4+ T cells stimulated by recombinant 

ICAM-1�

�HIV-1-uninfected CD4+ T cells were isolated from PHA-stimulated PBMCs as described in 

Materials and Methods. CD4+-enriched T cells were cultured in a 96-well plates coated with 0.1, 1, 5, 

and 10 µg/ml recombinant ICAM-1 IgG1 Fc chimera or normal human IgG1. After 1 or 4 days of 

culture, nuclear and cytoplasmic extracts were prepared from the CD4+ T cells. The data from one of 

two donors are shown. (A) Western-blotting analysis of nuclear phospho-NF-κB p65 (Ser276) and 

NF-κB p65 in CD4+ T cells after 4 days of culture. (B) The relative amount of nuclear NF-κB p65 in 

CD4+ T cells was shown after normalization with Histone H3 used as a nuclear loading control. 
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Figure 11. The model for the mechanism of suppression of HIV-1 replication induced by 

alloantigen-stimulated CD8+ T cells�

�Alloantigen-stimulated CD8+ T cells (Raji-CD8+ T cells) induce some signal that inhibits the 

nuclear translocation of phospho-NF-κB p65 (Ser276) and Ets-1 in autologous CD4+ T cells. 

Then, the reduced DNA-binding activity of NF-κB and Ets leads to the suppression of HIV-1 

transcription/replication.�
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