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can be critical in the context of HIV-1 infection, by favoring 
the antigen-presenting cell activation through the stimula-
tion of TLRs.  © 2015 S. Karger AG, Basel 

 Introduction 

 Pattern recognition receptors are critical in activation 
of innate immune response after microbial infection. The 
best characterized pattern recognition receptors are Toll-
like receptors (TLRs) which sense pathogen-associated 
molecular patterns at the surface of the cell and endo-
somal compartments  [1] . Pathogen-associated molecular 
pattern recognition by TLRs triggers an entire signal 
pathway leading to the expression of several molecules 
involved in a primary inflammatory response, which pro-
motes adaptive immunity.

  TLRs are expressed in a wide range of cell populations, 
including those that serve as HIV-1 targets/reservoirs, 
such as CD4+ T cells, monocytes/macrophages and den-
dritic cells (DCs)  [2–5] . DCs play a very important role in 
HIV-1 transmission because they can deliver infectious 
HIV-1 particles to lymph nodes that contain a large num-
ber of CD4+ T cells  [5, 6] . Close contact between these 
two cell types can facilitate cell-to-cell transmission and 
virus spread  [7, 8] . Furthermore, DCs produce proin-
flammatory cytokines that generate a microenvironment 
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 Abstract 

  Objective:  HIV-1 infects several immune cells including den-
dritic cells (DCs) and monocytes, which contributes in both 
to dissemination of HIV-1 infection and induction of antiviral 
immunity. These cells produce high amounts of type I IFN 
and proinflammatory cytokines upon Toll-like receptor (TLR) 
stimulation. During HIV-1 infection, an altered production of 
proinflammatory cytokines has been reported. However, the 
mechanisms underlying cytokine modulation have not been 
well described. Here, we evaluated the production of proin-
flammatory cytokines and activation of myeloid and plasma-
cytoid DCs and monocytes costimulated in vitro with TLR 
agonists and HIV-1.  Methods:  Changes in cytokine expres-
sion by real-time PCR and activation of DCs and monocytes 
by flow cytometry were evaluated after costimulation with 
HIV-1 and TLR agonists.  Results:  We observed an upregula-
tion of TNF-α expression after TLR4 stimulation, but a down-
regulation of IL-6 when TLR2/TLR9 were stimulated. Interest-
ingly, the expression of CD80 and CD86 costimulatory mol-
ecules in monocytes and DCs were significantly increased in 
cells challenged with HIV-1 and TLR2/TLR4/TLR9 agonists. 
 Conclusion:  This regulation of TNF-α and IL-6 production 
and changes in the expression of costimulatory molecules 
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that promotes virus replication  [9] . Previous reports have 
described the importance of several cytokines in the acti-
vation of immune cells and pathogenesis of HIV-1 infec-
tion  [10] , particularly IL-6 and TNF-α  [11] . However, the 
role of TLRs in HIV-1 infection is still not well known 
although it has been reported that microbial products can 
activate HIV-1 replication through the stimulation of 
TLRs  [12] . Such stimulation induces the activation of 
 NF-κB and the production of proinflammatory cytokines 
involved in HIV-1 replication through transactivation of 
viral promoters  [13] . A report has shown an increase of 
TLR expression in monocytes from HIV-1-infected pa-
tients, which favors both an increase in viral replication 
and secretion of TNF-α  [14] . On the other hand, a sig-
nificantly lower expression of TLR1 and TLR2 was re-
ported in monocytes and myeloid DCs (mDCs) from 
HIV-1-infected patients  [15] . Recently it was demon-
strated that HIV-1 gp120 inhibits the CpG-induced mat-
uration of plasmacytoid DCs (pDCs) and the expression 
of TNF-α, IL-6, TLR9 and IFN-regulatory factor 7. These 
effects were mediated by interaction of gp120 with CD4 
and mannose-binding C-type lectin  [16, 17] .

  Furthermore, the activation of TLRs is important in 
the maturation of various cellular subpopulations such as 
DCs and monocytes since such stimulation leads to an 
increase in the expression of molecules like CD80 and 
CD86 that are required for an appropriate adaptive im-
mune response  [4, 18] . It has been reported that stimula-
tion of DCs with HIV-1 derivatives such as ssRNA in-
duces the upregulation of CD80 and CD86 [19]. Various 
studies have demonstrated that activation of DCs and 
monocytes with HIV-1-derived pathogen-associated 
molecular patterns such as ssRNA, through TLR7 and 
TLR8, induces the production of proinflammatory cyto-
kines and the upregulation of costimulatory molecules 
(CD80, CD86 and CD40)  [20–22] . In addition, lipopoly-
saccharide (LPS) stimulation of mDCs from uninfected 
neonates exposed in utero to HIV-1 induces the expres-
sion of the CD80 and CD86, but mDCs from unexposed 
infants do not  [23] .

  Together these results show that HIV-1 upregulates 
CD80 and CD86 expression on DCs and monocytes 
mainly through TLR7/8. However, it is not well known 
whether HIV-1 stimulation promotes DCs and monocyte 
maturation and secretion of proinflammatory cytokines 
through TLR2, TLR4 and TLR9. In the present study we 
investigated mRNA expression of IL-6 and TNF-α in pe-
ripheral blood mononuclear cells (PBMCs) and mono-
cytes/DC activation, based on CD80 and CD86 expres-
sion, from HIV-1-uninfected donors, costimulated with 

Pam 3 CSK 4 , LPS and CpG-containing oligodeoxynucleo-
tides type B (CpG-B ODN), agonists of TLR2, TLR4 and 
TLR9, respectively, and   in vitro challenged with HIV-1.

  Materials and Methods 

 Sampling and PBMC Purification 
 Blood samples were collected into EDTA tubes from 3 healthy 

donors. As required by the ethical guidelines, signed informed 
consent was obtained from all individuals before enrollment in the 
study. All biomedical investigations were approved by the bioeth-
ics committee of the Universidad de Antioquia and were conduct-
ed according to the principles of the Declaration of Helsinki. 
PBMCs were separated by density gradient using Ficoll-Hys-
topaque 1077 (Sigma-Aldrich, St. Louis, Mo., USA) according to 
the manufacturer’s recommendation. The viability of PBMCs was 
determined by trypan blue exclusion.

  Preparation of Virus Stocks 
 H9-HTLV-IIIcc chronically HIV-1-infected cell lines (NIH 

AIDS Research and Reference Reagent Program) were cultured 
over 7 days in RPMI 1640 medium (Invitrogen, San Diego, Calif., 
USA). The virus was prepared as described previously  [24] . Brief-
ly, the virus-containing supernatants were harvested, filtered 
through a 0.22-μm pore membrane and normalized for virion con-
tent by a sandwich ELISA assay specific for the major viral core p24 
protein, using the Quick Titer Lentivirus Titer Kit (Cell Biolabs, 
San Diego, Calif., USA) and following the manufacturer’s instruc-
tions. Values of p24 (pg/ml) were calculated on the basis of regres-
sion analysis of standards prepared from samples of known con-
centrations. The infectious/replication capacity of the viral stocks 
was determined by Western blot to detect Gag-derived proteins.

  In vitro Stimulation of PBMCs with HIV-1 Together with 
TLR2-, TLR4- and TLR9-Specific Agonists 
 PBMCs were challenged with 3,000 pg/ml of HIV-1 p24 for 2 h 

at 37°. The cells were then washed twice with PBS 1X in order to 
remove excess virus and cultured a further 12 or 18 h at 37° and 
5% CO 2  in the presence of 20 ng/ml of Pam 3 CSK 4 , 1 μg/ml of LPS 
or 2 μg/ml of CpG-B ODN (Invivogen, San Diego, Calif., USA), 
agonists of TLR2, TLR4 and TLR9, respectively.

  Extraction of Total RNA from PBMCs 
 PBMCs challenged with HIV-1 and stimulated with TLR2, 

TLR4 or TLR9 ligands were used to extract total RNA with Trizol 
Reagent (Invitrogen, USA) according to the manufacturer’s rec-
ommendation. Then, 1 μg of total RNA was treated with 2 UI 
RNase-free DNase I (Fermentas, Glen Burnie, Md., USA) for 1 h 
at 37° to remove traces of genomic DNA. The concentration and 
quality of the RNA was determined by spectrophotometery (λ = 
260–280 nm) and agarose gel, and finally frozen at –70° until used.

  mRNA Analysis of IL-6 and TNF-α by Real-Time PCR 
 For quantitative real-time PCR assays, specific primer for IL-6 

and TNF-α genes were used, as previously described  [24] . GAPDH 
was used as a reference housekeeping gene. The mRNA for both cy-
tokines was determined in PBMC stimulated with HIV-1 in pres-
ence or absence of TLR agonists after 12 and 18 h of culture. How-
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ever, since the IL-6 expression is an early event during inflamma-
tory responses, the mRNA was not detected at 18 h. Briefly, real-time 
PCR was performed using the RevertAid Minus First Strand cDNA 
Synthesis Kit (Thermo Scientific, Wilmington, Del., USA) accord-
ing to the manufacturer’s instructions. Real-time PCR cycling was 
performed (5 min at 95°, followed by 38 cycles of 20 s at 95°, 30 s at 
temperature of annealing specified for each gene (TNF-α: 64°; IL-6: 
61°; GAPDH: 60°) and 30 s at 72°) using Maxima SYBR green PCR 
master mix (Thermo Scientific). The relative expression of each tar-
get gene was normalized to an uninfected control and to the house-
keeping gene GAPDH (ΔΔCt) and reported as fold change.

  Quantification of the Costimulatory Molecules CD80 and 
CD86 in Monocytes and DCs by Flow Cytometry 
 To determine the effect of HIV-1 on the expression of costimula-

tory molecules CD80 and CD86, 1 × 10 6  PBMCs were cultured in 
6-well polystyrene tissue culture plates, and challenged with HIV-1 
and stimulated with TLR2, TLR4 or TLR9 ligands. The expression of 
CD80 and CD86 in monocytes, pDCs and mDCs was determined by 
flow cytometry using a FACS Canto Flow Cytometer (BD  Biosciences, 
San Jose, Calif., USA) as described previously  [24] . Logical gating was 
used to identify monocyte (CD14+), pDC (Lin1 – / CD123 high ) and 
mDC (Lin1 – /CD11c high ) populations (online suppl. fig.; for all online 
suppl. material, see www.karger.com/doi//10.1159/000371765), 
as described previously  [24] . The lineage cocktail 1 was used for neg-
ative selection of DCs. It contains a combination of antibodies 
against CD3, CD14, CD16, CD19, CD20 and CD56, in order to stain 
lymphocytes, NK cells, monocytes and neutrophils. The acquired 
events were analyzed using Cell Quest software. Each experiment 
was carried out with the respective controls (fluorochrome compen-
sation, isotype controls and cells without staining).

  Statistical Analysis 
 Data were plotted and analyzed using the Prism 5.0 software 

(GraphPad Software, La Jolla, Calif., USA). A Mann-Whitney test 
was used to compare the results between the different stimuli. p < 
0.05 was considered statistically significant.

  Results 

 Proinflammatory Cytokine Expression Is Modulated 
in PBMCs Exposed to HIV-1 in vitro and Treated with 
TLR Agonists  
 First, we evaluated whether the expression transcrip-

tional of IL-6 and TNF-α cytokines is altered in PBMCs in 
vitro challenged with HIV-1 and treated with  Pam 3 CSK 4 , 
LPS or CpG-B ODN. To achieve this objective, we first ex-
posed fresh PBMCs to HIV-1 for 2 h. The prestimulated 
PBMCs were then cultured with the respective TLR agonist 
for 12 h to quantify IL-6 mRNA or for 12 and 18 h to quan-
tify TNF-α mRNA, both by real-time RT-PCR. As one 
might expect, Pam 3 CSK 4  treatment induces an increased 
expression of mRNA IL-6, compared to the mock. How-
ever, this response was significantly altered in those cells 
preexposed to HIV-1 and treated with Pam 3 CSK 4  ( fig. 1 a). 
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  Fig. 1.  Expression of IL-6 and TNF-α mRNA in PBMCs stimulated 
with TLR agonists and HIV-1. PBMCs were stimulated with TLR2, 
TLR4 or TLR9 agonists, in the presence or absence of HIV-1, then 
IL-6 and TNF-α mRNA determined by real-time RT-PCR, nor-
malized to the uninfected control and to the housekeeping gene 
GAPDH (ΔΔCt method).  a  Modulation of IL-6 mRNA at 12 h af-
ter stimulation.  b, c  Modulation of TNF-α mRNA at 12 h ( b ) and 
18 h ( c ) after stimulation. Data are shown as medians ± range of 
three individual experiments. 
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For LPS stimulation, increased mRNA IL-6 was observed 
in both LPS alone and LPS after HIV-1 challenge, com-
pared to the mock. In addition, this was significantly high-
er in the presence of HIV-1compared with LPS alone. In 
PBMCs treated with CpG-B ODN, IL-6 mRNA decreased 
( ∼ 3-fold), but a stronger downregulation was observed in 
the presence of CpG-B ODN and HIV-1 ( ∼ 16-fold;  fig. 1 a). 

 For TNF-α mRNA on PBMCs challenged with HIV-1 
in vitro   and stimulated with LPS, a significant increase 
( ∼ 20-fold) was observed after 12 h of culture, compared 
to LPS alone. This is very interesting since in the presence 

of LPS alone, the change was only  ∼ 2-fold compared to 
the mock ( fig. 1 b). Stimulation with a TLR2 agonist and 
HIV-1 induced a significant increase in the production of 
TNF-α compared with stimulation only with a TLR2 ago-
nist ( fig. 1 b). After 18 h of costimulation with HIV-1 and 
LPS, the TNF-α mRNA did not change compared with 
12 h of stimulation, but LPS and HIV-1 stimuli continued 
to be significant compared with LPS stimulation alone. 
Interestingly, when the PBMCs were stimulated only with 
CpG-B ODN during 18 h, a strong production of TNF-α 
mRNA was observed ( ∼ 23-fold), but in the presence of 
HIV-1 this effect was significantly decreased ( fig. 1 c). Tak-
en together, our results suggest that HIV-1 can directly or 
indirectly upregulate the functionality of TLR4 leading to 
a change in TNF-α and IL-6 mRNA production.

  In Presence of the TLR2, TLR4 or TLR9 Agonists, 
HIV-1 Induces the Maturation of Monocytes 
 CD80 and CD86 are costimulatory molecules used as 

molecular markers for activation/maturation of antigen-
presenting cells. Although it has been described that TLR 
stimulation modulates the expression of the CD80 and 
CD86 costimulatory markers on monocytes  [25] , little is 
known about the role of HIV-1 infection on the modula-
tion of the expression of both markers on monocytes 
CD14+ in the presence of TLR agonists. Therefore, we 
investigated whether expression of these two markers is 
affected by HIV-1 in the presence of Pam 3 CSK 4 , LPS or 
CpG-B ODN; cells stimulated only with TLR agonists 
served as controls. Considering a wide biological variabil-
ity observed among individuals included in this study, for 
the analysis the data were normalized to unstimulated 
cells from each individual, allowing better visualization of 
the expression modulation. Values above/below 1 repre-
sent positive/negative regulation of CD80 or CD86 ex-
pression. As observed in  figure 2 a, in the presence of 
Pam 3 CSK 4 , LPS or CpG-B ODN, HIV-1 significantly de-
creased CD80 expression, based on the mean fluores-
cence intensity. In contrast, HIV-1 in the presence of 
Pam 3 CSK 4 , LPS or CpG-B ODN significantly increased 
the expression of CD86 ( fig. 2 b) compared with stimuli 
only with the agonists specific for each TLR. These results 
suggest that although the expression of CD86 is modu-
lated in response to TLR agonists, HIV-1 can further en-
hance the maturation of monocytes.

  Effect of the TLR2, TLR4 and TLR9 Agonists and 
HIV-1 on Activation of pDCs and mDCs  
 We next characterized mDCs and pDCs using lineage-

specific and DC maturation markers. Interestingly, the 
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  Fig. 2.  Modulation of CD80 and CD86 expression through TLR2, 
TLR4 and TLR9 in monocytes. The PBMCs were stimulated only 
with the respective receptor agonist or preexposed to HIV-1 and 
then stimulated with the respective agonist, and the CD80 ( a ) and 
CD86 ( b ) expressions were determined by flow cytometry. Data 
are shown as medians ± range of three individual experiments. 
MFI = Mean fluorescence intensity. 
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challenge of PBMCs with HIV-1 in the presence of TLR2, 
TLR4 or TLR9 agonists results in a significant upregula-
tion of CD80 expression in mDCs compared with the 
controls ( fig. 3 a). We also observed a significant increase 
in the expression of CD86 in mDCs when the cells were 
stimulated with HIV-1 in the presence of LPS or CpG-B 
ODN, but not in the presence of the Pam 3 CSK 4  agonist 
( fig. 3 b) compared to the stimulation only with the re-
spective agonists.

  Regarding CD80 and CD86 expression on pDCs, 
HIV-1 in the presence of Pam 3 CSK 4 , LPS or CpG-B 
ODN led to a significant increase in CD80 expression 
( fig.  3 c) compared with the cells stimulated only with 
each agonist. Our results also show that in pDCs, CD86 
expression only increased when the cells are challenged 
with HIV-1 in the presence of the TLR9 agonist ( fig. 3 d), 
but not with Pam 3 CSK 4  or LPS. Together these results 
suggest that HIV-1, directly or indirectly, through TLR2, 
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  Fig. 3.  Modulation of CD80 and CD86 expression through TLR2, 
TLR4 and TLR9 in DCs. The PBMCs were stimulated only with 
the respective receptor agonist or first exposed to HIV-1 and then 
stimulated with the respective agonist, and CD80 and CD86 ex-

pressions were determined by flow cytometry in mDCs ( a ,  b ) or in 
pDCs ( c ,  d ). Data are shown as medians ± range of three individ-
ual experiments. MFI = Mean fluorescence intensity. 
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TLR4 and TLR9 induces the maturation of mDCs and 
pDCs.

  In conclusion, our results demonstrate that HIV-1 
modulates the expression of CD80 in both DC popula-
tions, mainly through TLR4 and TLR2, and to a lesser 
proportion through TLR9. However, the modulation of 
CD86 expression occurs mainly through TLR9. In mono-
cytes, the main way of inducing CD86 expression by 
HIV-1 may be through TLR4 and TLR2.

  Discussion 

 Previous studies conducted in our laboratory have 
shown an increase of TLR4 expression in cells obtained 
directly from HIV-1-infected patients  [3] . Furthermore, 
our in vitro   experiments showed that stimulation of 
PBMCs with HIV-1 significantly increases IL-6 and 
TNF-α expression via TLR4 ( fig. 1 ), suggesting that HIV-
1 alters both the function and expression of this TLR. 
Based on these results and taking into account previous 
reports, we propose that increased expression and func-
tion of TLR4 may be a mechanism used by HIV-1 to pro-
mote the activation of infected cells and thereby favors its 
replication via NF-KB, a strong transactivator of HIV-1 
promoter transcription  [13] . On the other hand, this ac-
tivation through TLR4 is important since microbial trans-
location, a common characteristic of chronic HIV-1, is 
related to systemic immune activation. In this context cir-
culating LPS (TLR4 agonist) is increased in chronically 
HIV-infected individuals and is used as an indicator of 
microbial translocation  [26] , which contributes to the 
HIV-1 pathogenesis.

  In the present study, we evaluated the mRNA expres-
sion of IL-6 and TNF-α on PBMCs challenged with HIV-
1 in the presence of the TLR2, TLR4 or TLR9 agonists. 
Indeed, mRNA expression of proinflammatory cytokines 
is altered in PBMCs in response to HIV-1 stimulation in 
the presence of TLR agonists. HIV-1 significantly de-
creases mRNA expression of IL-6 through TLR2 and 
TLR9. An increase in the mRNA expression of TNF-α 
through TLR4 was observed, suggesting a strong induc-
tion of TNF-α on PBMCs during early HIV-1 infection, 
as demonstrated in monocyte-derived macrophages 
through the activation of NF-κB  [27] . Here, we showed 
that stimulation of PBMCs with HIV-1 induces a rapid 
and significant upregulation of TNF-α in response to LPS 
( fig.  1 b), suggesting a possible role of this cytokine in 
HIV-1 infection. Our data indicates that the TNF-α re-
sponse to the TLR9 agonist in the presence of HIV-1 is 

not affected. Previously we showed an increase of TLR 
expression and production of proinflammatory cytokines 
in monocyte-derived macrophages and PBMCs infected 
with HIV-1 in vitro and in response to TLR stimulation 
compared to mock-infected controls  [24] .

  Previous studies have shown that monocytes from 
HIV-1-infected patients present altered TLR2 expression 
and function, suggesting that HIV-1 or its components 
can regulate the expression and function of TLRs, en-
hancing chronic activation of the immune system and 
thereby HIV-1 replication  [28] . Consistent with these 
findings, we also found that HIV-1 is capable of regulat-
ing TNF-α expression in PBMCs through TLR stimula-
tion. This result could explain the impaired activation of 
the innate immune response observed in HIV-1-infected 
patients and may represent a mechanism that favors 
HIV-1 infection and replication.

  On the other hand, the TLR stimulation manages the 
generation of adaptive immunity through the induction 
of major histocompatibility complex and costimulatory 
molecules CD80/CD86 on antigen-presenting cells  [29, 
30] . Here, we demonstrated that CD80 was significantly 
upregulated in monocytes challenged with HIV-1 in the 
presence LPS. In contrast, in the presence of Pam 3 CSK 4  
and CpG-B ODN, a significant decrease in CD80 expres-
sion was observed. Moreover, the expression of CD86 was 
significantly increased in monocytes challenged with 
HIV-1 and stimulated with the TLR2, TLR4 and TLR9 
agonists ( fig. 2 b), compared with the expression in mono-
cytes challenged only with HIV-1 or TLR agonists. This 
indicates that HIV-1 induces monocyte activation 
through TLR2, TLR4 and TLR9 measured by the CD86 
expression.

  Immature DCs are unable to induce the activation of 
T cells; nevertheless, after microbial infection occurs, the 
microbe is sensed by TLRs which leads to DC maturation/
activation  [6] . In our study, in the presence of TLR2, 
TLR4 or TLR9 agonists, HIV-1 significantly upregulates 
CD80 expression in mDCs and pDCs, compared with the 
controls, suggesting that HIV-1 might induce the activa-
tion of DCs through a mechanism dependent of these 
TLRs ( fig. 3 a, c). The effect on the modulation of CD86 
expression by HIV-1 is more varied: in mDCs the modu-
lation is statistically significant through TLR4 and TLR9, 
but in pDCs the modulation of the expression is only sta-
tistically significant through the TLR9 agonist. This mod-
ulation through TLR9 is interesting because previously 
CpG ODN was described as having an immunomodula-
tory role, suggesting that TLR9 agonists are effective vac-
cine adjuvants for infectious disease, cancer or asthma/
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allergy  [31] . Furthermore, it has demonstrated a promis-
ing role in viral infections such as influenza, hepatitis C 
and hepatitis B, where it has been demonstrated that use 
of CpG ODN as an adjuvant increases the vaccine effec-
tiveness  [32] . Specifically for HIV-1, a study showed that 
rabbits immunized with gp140 proteins derived from 
HIV-1 and CpG ODN as an adjuvant enhanced humoral 
responses to HIV-1, demonstrating the importance of 
TLR9 as modulating immune response  [33] . In confor-
mity with our results, previous studies have also demon-
strated that stimulation of TLR2 with zymosan and TLR4 
with LPS induce an increase of the expression of CD80, 
CD86 and other biomarkers  [34] . Nevertheless, the func-
tionality of this cellular activation is unknown. Based on 
our results, we suggest that monocyte and DC activation 
have an important role in viral pathogenesis, but it is not 
yet possible to establish the mechanism. However, it has 
also been described that monocyte, mDC and pDC acti-
vation are highly important since this activation leads to 
the development of adaptive immune response, allowing 
an antiviral response  [18] . Loré et al.  [22]  also showed that 
cells obtained directed from HIV-1-infected patients 
have a similar maturation phenotype when they are ex-
posed to the respective TLR ligands. Furthermore, the au-
thors observed a higher activation of DCs than mono-
cytes, as we reported here. Both pDCs and mDCs in HIV-
infected patients express high levels of CD80 and CD86, 
and can be further activated by TLR engagement  [35] . 
Taken together, our results support the hypothesis about 
the importance of HIV-1 in monocyte, mDC and pDC 
maturation through TLRs, as already described for other 
cellular populations, which show an increase in CD80/
CD86 expression and cytokine production  [36] . In addi-
tion, we previously found an association between TLR 
expression and upregulation of CD80 in pDCs  [24] . In-
creases in the expression costimulatory molecules have 

also been reported in circulating T cells during HIV-1 
infection and are considered to be the consequence of 
chronic T cell activation  [37, 38] . Our findings are very 
interesting because the costimulatory molecules, CD80 
and CD86, are necessary for appropriate antigen presen-
tation, and the subsequent establishment of either Th1 or 
Th2 adaptive response  [39, 40] . However, it was recently 
demonstrated that HIV-1 Nef protein induces loss of 
CD80 and CD86 expression in antigen-presenting cells 
 [41] , as an evasion mechanism.

  In summary, in this study we have evaluated the re-
sponse of human monocytes and DCs to HIV-1 stimula-
tion in the presence of TLR agonists. According to previ-
ous reports, our results shown that TLR agonists induce 
proinflammatory cytokine expression such as IL-6 and 
TNF-α, but in this case HIV-1 stimulation is able to in-
crease TLR responsiveness. Parallel results show increased 
expression of costimulatory molecules CD80 and CD86 
on monocytes and two subpopulations of DCs (mDCs and 
pDCs) in the presence of TLR agonists and HIV-1.
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