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ABSTRACT
Elucidation of mechanisms underlying the establishment, maintenance of and reactivation from
HIV-1 latency is essential for the development of therapeutic strategies aimed at eliminating HIV-1
reservoirs. Microbial translocation, as a consequence of HIV-1-induced deterioration of host immune
system, is known to result in a systemic immune activation and transient outbursts of HIV-1 viremia
in chronic HIV-1 infection. How these microbes cause the robust HIV-1 reactivation remains elusive.
Dendritic cells (DCs) have previously been shown to reactivate HIV-1 from latency; however, the
precise role of DCs in reactivating HIV-1 from latently infected T-cell remains obscure. In this study,
by using HIV-1 latently infected Jurkat T cells, we demonstrated that AIDS-associated pathogens as
represented by Mycobacterium bovis (M. bovis) Bacillus Calmette–Gu�erin (BCG) and bacterial
component lipopolysaccharide (LPS) were unable to directly reactivate HIV-1 from Jurkat T cells;
instead, they mature DCs to secrete TNF-a to accomplish this goal. Moreover, we found that HIV-1
latently infected Jurkat T cells could also mature DCs and enhance their TNF-a production during
co-culture in a CD40-CD40L-signaling-dependent manner. This in turn led to viral reactivation from
Jurkat T cells. Our results reveal how DCs help AIDS-associated pathogens to trigger HIV-1
reactivation from latency.
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Introduction

Although combination antiretroviral therapy (cART) can
suppress plasma HIV-1 viral load to undetectable levels,
it cannot eradicate the virus because of the existence of
cellular reservoirs of latently infected cells.1-3 The inter-
ruption of cART-treatment inevitably leads to a rapid
and robust viral rebound.4-7 Despite therapeutic
approaches aimed at purging the latent reservoirs are
being explored, HIV-1 latency remains a major obstacle
toward a functional HIV cure.8

HIV-1 integrates into host genome early during infec-
tion to form a pool of transcription-silent proviruses, by
which HIV-1 effectively evades host immune responses
and establishes persistent infection.9-11 HIV-1 can hide
into the anatomic sites of gastrointestinal mucosa, lymph
nodes, genital tract and the central nervous system for
persistency,12 and the memory and transitional CD4C T
memory cells are the main cellular reservoirs.13,14 In addi-
tion, macrophages and DCs also harbor latent HIV-1

proviruses.15-19 Elucidation of mechanisms underlying the
establishment, maintenance of and reactivation from
HIV-1 latency is essential for the development of thera-
peutic strategies aimed at eliminating HIV-1 reservoirs.

HIV-1 infection causes the deterioration of the host
immune system and leads to the loss of control of micro-
bial translocation.20 As a result, AIDS-associated oppor-
tunistic pathogens, including fungi, bacteria and viruses,
cause systemic immune activation, which is usually asso-
ciated with transient outbursts of HIV-1 viremia and
accelerated disease progression.20-30 How these co-
infected pathogens accelerate the deterioration of the
immune response and cause the robust HIV-1 reactiva-
tion remain largely unknown.

The LPS-treated macrophages efficiently induce an in
vitro reactivation of HIV-1 from resting CD4C T cells
isolated from cART-treated patients. Proinflammatory
cytokines produced by LPS-treated macrophages have
been implicated in the reactivation of HIV-1, as the
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depletion of these cytokines from the culture supernatant
of LPS-treated macrophages markedly reduced the
amount of reactivated HIV-1.31

DCs have previously been shown to reactivate HIV-1
from latency.32-34 As professional antigen presenting
cells, DCs capture, process antigens and migrate from
peripheral tissues to lymphoid nodes where they interact
closely with T cells to activate them.35-37 The intimate
interactions between DCs and T cells provide an envi-
ronment for DCs to activate and purge HIV-1 from
latently infected T cells. Lymphoid tissues- and intestine-
residing DCs as well as blood derived CD1cC and
CD141C myeloid DCs can induce viral production from
HIV-1 latently infected effector T cells.33 Monocyte-
derived DCs (MDDCs) can also purge latent HIV-1
from resting memory CD4C T cells.32,33 A recent study
has demonstrated that interaction between DCs and T
lymphocytes triggers MDDCs to secrete unknown com-
ponents that were capable of activating provirus from
actively proliferating primary T lymphocytes.34 However,
the precise role and the underlying mechanism of DCs in
reactivating HIV-1 from latently infected T-cells remain
obscure.

In this study, by using HIV-1 latently infected Jurkat
T cells, we demonstrated the crucial role of DCs in pro-
moting HIV-1 reactivation from latency. AIDS-associ-
ated pathogens as represented by M. bovis BCG and
bacterial component LPS were unable to directly reacti-
vate HIV-1 from latency; instead, they mature MDDCs
to secrete TNF-a. Also, we found that the HIV-1 latently
infected Jurkat T cells could mature MDDCs during co-
culture in a CD40-CD40L-signaling-dependent manner,
and this led to enhanced TNF-a production and conse-
quently augmented viral reactivation from T cells.

Results

Matured DCs secrete TNF-a to reactivate HIV-1 from
latency

Microbial translocation was discovered as a cause of sys-
temic immune activation in HIV-1 chronic infection,
leading to transient bursts of HIV-1 viremia in patients.
The elevated level of bacterial product LPS in plasma
was defined as a marker of microbial translocation.20 To
investigate whether AIDS-associated pathogens could
directly reactivate HIV-1 from latently infected cells, we
stimulated HIV-1 latently infected Jurkat T-cell clone
(C11) with M. bovis BCG or LPS. C11 cells harbor an
HIV-1 proviral DNA encoding enhanced green-fluores-
cent protein (EGFP), and can be reactivated upon stimu-
lation with TNF-a, SAHA (Vorinostat) or trichostatin A.
The expression of GFP can be used as an indicator of

HIV-1 reactivation from latency.38,39 However, the direct
stimulation with these pathogens or components did not
reactivate HIV-1 from C11 cells, in contrast to positive
control using TNF-a stimulation (Fig. 1A), implying an
indirect mechanism was at play.

As professional antigen presenting cells that process-
ing and presenting antigen to T-cells, DCs initiate host
innate immunity and bridge the adaptive immunity
including stimulating T-cell differentiation.35-37 We
sought to determine the potential role of DCs in HIV-1
reactivation boosted by AIDS-associated pathogens or
components. We treated MDDCs with BCG or LPS for
24 h, and harvested culture supernatant to stimulate C11
cells. Intriguingly, these DC culture supernatant could
efficiently reactivate HIV-1 from latency, as demon-
strated by detecting the GFP expression in C11 cells
(Fig. 1B, 1C).

The stimulation with BCG and LPS could mature
DCs, as indicated by the increased expression of HLA-
DR and the co-stimulatory molecules CD83 and CD86
(Fig. 1D), and the increased TNF-a secretion in the
supernatant (Fig. 1E). To determine the role of secreted
TNF-a in activating HIV-1 from latency, the culture
supernatant was treated with specific anti-TNF-a anti-
body before culturing with C11 cells (Fig. 1F). The deple-
tion of TNF-a abolished the supernatant-driven HIV-1
reactivation from latently infected cells (Fig. 1G), sug-
gesting that the secreted TNF-a by matured DCs caused
reactivation of HIV-1 from C11 cells. Taken together,
these data demonstrate that AIDS-associated pathogens
or their components, while unable to directly reactivate
HIV-1 from latency, can mature DCs to secrete TNF-a
to accomplish the task.

Immature DCs display higher efficiency in
reactivating HIV-1 compared with LPS-matured DCs
through direct-contact with T cells

Having demonstrated the role of culture supernatant
from treated-DCs in reactivating HIV-1, we next investi-
gated the role of DC-T cell direct-contact for viral reacti-
vation. LPS-treated or untreated DCs were harvested and
co-cultured with C11 cells for 24 h (Fig. 2A). Intrigu-
ingly, compared with LPS-matured DCs, untreated
immature DCs (iDCs) displayed higher efficiency in
reactivating HIV-1 during co-culture with C11 cells (the
ratio of C11: DCs was 2:1) (Fig. 2B and C). When a
transwell culture plate with a 0.4-mm insert membrane
was used to separate C11 cells from MDDCs (Fig. 2D),
HIV-1 reactivation disappeared (Fig. 2E), demonstrating
that the direct-contact between DCs, particularly iDCs,
with T cells, was essential for reactivating HIV-1 from T
cells. Taken together, these data demonstrate that iDCs
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display higher efficiency in reactivating HIV-1 compared
with LPS-matured DCs through direct-contact with T
cells.

Resting CD4C T-cells are the major source of HIV-1
latency and their activation leads to HIV-1 reactivation

from viral latency.19 To further confirm the distinguish
effects of cells or culture medium from immature and
LPS-treated mature DCs on HIV-1 reactivation, the rest-
ing CD4C T-cells were isolated from cART-treated
patients and further treated with LPS or cultured with

Figure 1. Matured MDDCs secrete TNF-a in supernatant to reactivate HIV-1 from latency. (A) The direct stimulation with BCG or LPS
does not reactivate HIV-1 from C11 cells. C11 cells (4 £ 105) were treated with or without LPS (10 ng/ml), M. bovis BCG (108 CFU) or
TNF-a (20 ng/ml) for 24 h and viral reactivation was detected with flow cytometry by quantifying GFP expression. (B, C) The culture
supernatant from treated-MDDCs activated HIV-1 from latency. MDDCs (2 £ 105) were treated with LPS (10 ng/ml) or M. bovis BCG (108

CFU) for 2 days, then culture supernatant was harvested to stimulate C11 cells for additional 24 h, and viral reactivation was detected
with flow cytometry. The percentage of GFP-positive cells was labeled, (C) Six independent repeats were summarized and the relative
HIV-1 reactivation was analyzed. (D) MDDCs phenotype. MDDCs were treated with or without LPS or M. bovis BCG as above, and the
expressions of CD83, CD86 and HLA-DR were detected with flow cytometry. The percentage of positive cells was labeled and the mean
fluorescence intensity (MFI) was calculated. (E) TNF-a production in supernatant from LPS- or BCG-stimulated DCs was quantified with
specific ELISA kit. Data were presented as mean § standard deviation (SD). (F, G) Neutralization of TNF-a in culture supernatant from
LPS-treated MDDCs abolishes the stimulation to reactivate HIV-1 from C11 cells. Culture supernatant collected from LPS-stimulated
MDDCs was prior-treated with anti-TNF-a neutralizing antibodies (20 mg/ml) or control IgG for 1 h, and then was used for C11 stimula-
tion (F), and viral reactivation was detected with flow cytometry (G). One representative result from at least 3 repeats was shown.
��� P < 0.001 were considered as significant difference in ANOVA analysis.

1734 X.-X. REN ET AL.



immature MDDCs or LPS-treated MDDCs or with their
related culture medium, respectively, for 3 d. Viral reacti-
vation was detected by semi-quantifying gag message
RNA (mRNA) transcripts and normalized with GAPDH

mRNA (Fig. 2F). The harvested culture supernatant
from LPS-treated mature MDDCs and the co-culture
with immature MDDCs could efficiently reactivate HIV-
1 from CD4C T-cells isolated from cART-treated

Figure 2. HIV-1 reactivation during the co-culture with MDDCs. (A) Scheme for HIV latency reactivation assay. (B, C) MDDCs-triggered
HIV-1 reactivation from C11 during co-culture. C11 cells (4 £ 105) were co-cultured or not with immature MDDCs or LPS-treated MDDCs
(ratio C11:DC, 2:1) for 24 h. C11 cells (CD11c¡) were distinguished from MDDCs with CD11c immunostaining (B), and 6 independent
repeats were summarized and analyzed (C). (D, E) Separation of C11 from MDDCs abolishes HIV-1 reactivation. A transwell culture plate
with a 0.4-mm insert membrane was used or not to separate the C11 from MDDCs (D), and HIV-1 reactivation in C11 cells was detected
with flow cytometry and analyzed as above (E). (F,G) HIV-1 reactivation from the resting primary CD4C T cells. Resting CD4C T-cells
were isolated from cART-treated patients and further treated with LPS or cultured with immature MDDCs or LPS-treated MDDCs or with
their related culture medium, respectively, for 3 d. Viral reactivation was detected by semi-quantifying gag mRNA transcripts and nor-
malized with GAPDH mRNA. The relative gag mRNA products were calculated. � P < 0.05, �� P < 0.01 ��� P < 0.001, were considered as
significant difference in ANOVA analysis.
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patients, while the treatments with either LPS or culture
supernatant from immature MDDCs, or the co-culture
with LPS-treated MDDCs, could not reactivate HIV-1
(Fig. 2G).

Co-culture with C11 cells mature iDCs and promote
TNF-a secretion

To investigate the mechanism of iDC-mediated reactiva-
tion of HIV-1 from co-cultured T cells, we analyzed the
phenotype of DCs after co-culture them with T cells for
24 h. The expressions of CD83, CD86 and HLA-DR were
increased both on iDCs and LPS-treated DCs after co-cul-
ture with C11 cells (Fig. 3A), indicating maturation (or
further maturation) of DCs. Notably, the phenotypic
change was more pronounced on iDCs, as demonstrated
by the elevated CD83 and CD86 expression (Fig. 3A).
When detecting TNF-a expression at the mRNA level,
the co-culture with C11 cells stimulated more TNF-a
expression from iDCs, whereas C11 cells alone did not
produce TNF-a (Fig. 3B). Similarly, the addition of anti-
TNF-a antibody during DC-T cell co-culture abolished

HIV-1 reactivation from C11 cells (Fig. 3C and D), imply-
ing that TNF-a production from DCs during co-culture
with T cells is responsible for reactivating HIV-1. Taken
together, these data demonstrate that co-culture with C11
cells lead to iDCs maturation and TNF-a secretion, which
in turn reactivate HIV-1.

Co-culture with C11 cells matures iDCs through the
CD40-CD40L signaling pathway

The interactions between multiple pairs of co-stimula-
tory molecules, such as CD40-CD40L and B7.1/B7.2-
CD28, transmit second and third signals during APC-
mediated T-cell activation.37,40 CD40 belongs to the
TNF-receptor super-family and is constitutively
expressed by DCs, B cells and macrophages, and the
CD40-CD40L engagement on DC surface permits DCs
maturation and the enhanced production of certain pro-
inflammatory cytokines such as TNF-a, IL-8, MIP-1a
and IL-12. Some of these cytokines help to effectively
trigger T-cell activation and differentiation.41-44 Thus,
we investigated whether CD40-CD40L signaling was

Figure 3. Co-cultured C11 cells mature MDDCs and promote TNF-a secretion for reactivating HIV-1. (A) Phenotype characterization of
MDDCs. immature MDDCs or LPS-treated MDDCs were co-cultured with or without C11 cells as above, and MDDCs were distinguished
with CD11cC immunostaining and the expressions of CD83, CD86 and HLA-DR were detected with flow cytometry. The percentage of
positive cells was labeled. (B) Assay for TNF-a expression. MDDCs were co-cultured with or without C11 cells for 6 h, and C11 cells stimu-
lated with or without TNF-a (20 ng/ml) for 6 h were also prepared. TNF-a expression was detected at mRNA level by qRT-PCR and nor-
malized with b-actin. Data were presented as mean § standard deviation (SD). (C, D) The addition of anti-TNF-a neutralizing antibodies
during C11-MDDCs co-culture abolishes HIV-1 reactivation. 20 mg/ml anti-TNF-a neutralizing antibodies or IgG control were added dur-
ing C11-MDDCs co-culture for 24 h (C), and viral reactivation was detected with flow cytometry (D). One representative result from at
least 3 independent repeats was shown. � P < 0.05 and ��� P < 0.001 were considered as significant difference in ANOVA analysis.
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involved in reactivating DCs during co-culture with
HIV-1 latently infected Jurkat T cells. CD40 showed
higher expression on LPS-treated DC than untreated
iDCs (Fig. 4A), and co-culture with C11 cells signifi-
cantly increased CD40 expression on iDCs, but
decreased CD40 expression on LPS-treated DCs, at both
transcription and translation levels (Fig. 4A and B).

To investigate the potential role of CD40-CD40L sig-
naling in mediating iDC activation, we knocked down
CD40 expression on DCs with specific interference
RNAs (siRNAs), as demonstrated by the reduced CD40
expression at both mRNA transcript and protein levels
(Fig. 4C and D). The CD4 decrease impaired the capacity
of iDCs to reactivate HIV-1 from co-cultured C11 cells
(Fig. 4E). On the other hand, when CD40L expression
on C11 was interfered with siRNA (Fig. 4F and G), these
T cells were less likely to be induced for HIV-1 reactiva-
tion upon co-culture with iDCs (Fig. 4H). Moreover,
when we separated C11 cells from DCs with the insert of
transwell plate but supplied with recombinant CD40L
protein, HIV-1 reactivation from C11 cells could be
restored (Fig. 4I). The supplement of CD40L protein
induced TNF-a production from DCs (Fig. 4J). Taken
together, these data demonstrate that co-culture with
C11 cells activate iDCs through CD40-CD40L signaling
pathway, and these matured DCs in turn activate T cells
for HIV-1 reactivation.

Discussion

Microbial translocations or co-infections are involved in
AIDS disease progression and the reactivation of HIV-1
in latently infected cells in vivo,21,31,45-47 but the underly-
ing mechanisms by which microbes activate HIV-1 from
latency to elevate viral burden in vivo remain elusive. In
this study, we demonstrated that representative pathogen
M. bovis BCG and bacterial component LPS were unable
to directly reactivate HIV-1 from latently infected Jurkat
T cells; instead, they matured DC to secrete TNF-a to
accomplish this task. Our results uncover a bridging role
of DCs in microbes-triggered robust HIV-1 replication.
Moreover, we found that the co-culture with HIV-1
latently infected Jurkat T cells led to the maturation of
DCs and enhanced TNF-a production in a CD40-
CD40L-signaling-dependent manner (Fig. 5).

DC subsets reside in various tissues may have differ-
ential latency reactivation properties. Blood-borne
CD1cC and CD141C myeloid DCs as well as blood
CD14C monocyte-derived DCs, intestine- and lymphoid
tissues- residing DCs, but not skin- or genital tract-
derived DCs, can induce viral production from HIV-1
latently infected effector T cells.33 The stimulation with
different Toll like receptor (TLR) agonists may impart

distinct capacity on myeloid DCs or MDDCs for activat-
ing HIV-1 from latency. Poly I: C stimulation through
TLR3 induced type I interferon production in both
CD1cC-myeloid DCs and MDDCs and abolished their
capacity for reactivating HIV-1 from latency. In contrast,
stimulation with TLR 1, 2, 7 and 8 agonists enhanced
DCs0 capacity for reactivating HIV-1 from latency.33 The
stimulations with LPS or Flagellin through TLR4 or
TLR5, respectively, impaired the ability of MDDCs to
reactivate HIV.33 Consistent with the previous finding,33

in our study, we found that LPS-treated MDDCs had
reduced capacity to reactivate HIV-1 from latently
infected Jurkat T cells through cell-to-cell contact. Ele-
vated co-inhibitory signaling may be an explanation. Co-
inhibitory molecules PD-L1/PD-L2 on mature DCs were
upregulated,48 and the PD-L1/PD-L2-PD1 signaling
could restrain T cells from hyperactivation.

Intriguingly, we found that LPS-treated MDDCs
adopted an alternative mode to reactivate HIV-1 from
latency, through enhanced TNF-a secretion. Besides LPS
stimulation, the direct contact between MDDCs and
latently infected T cells could also trigger soluble factor
secretion to reactivate HIV-1. Cell-to-cell interaction
between DC and T lymphocyte triggers DC to secrete
unknown components to activate proviruses from
latency. This kind of activation did not involve DC-
mediated C-type lectin dendritic cell-specific intercellu-
lar adhesion molecule-3 grabbing non-integrin (DC-
SIGN) signaling or T cell receptor (TCR)-stimulation,34

but relied on ICAM-1-depended cell-cell adhesion,
because the blocking with specific anti-ICAM-1 antibody
significantly reduced the HIV-1 reactivation.34 In our
study, we demonstrated that the direct cell-to-cell con-
tact between latently infected Jurkat T cells and MDDCs
triggered the maturation of MDDCs and elevated their
TNF-a secretion for reactivating HIV-1, and the signal-
ing through the interaction between CD40L expressed
on Jurkat T cells and CD40 on DCs plays a notable role
in modulating DC0s capacity for reactivating HIV-1
from Jurkat T cells.

Several transformed cell lines or primary T-cells have
been used for establishment of HIV-1 latency.49-55 In
these models, different T-cell subtypes, viral genetic
composition and cellular pathways for reactivation were
adopted.56 TNF-a shows remarkable activity to revert
HIV-1 latency by enhancing NF-kB-dependent gene
transcription in Jurkat T-cell-based models.56-58 The
transformed Jurkat CD4C T cells were mainly used in
this study. In this model, upon stimulation with TNF-a,
SAHA or trichostatin A, GFP is expressed as an indica-
tion of HIV-1 reactivation from latency.38,39 However,
TNF-a is inactive or have low reactivity in reactivating
HIV-1 from latently infected primary CD4C T cells.56
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Figure 4. Co-cultured C11 cells mature iDCs through CD40-CD40L signaling pathway. (A) CD40 expression on MDDCs. Immature MDDCs
or LPS-treated MDDCs were co-cultured with or without C11 cells for 24 h, and MDDCs were distinguished with CD11cC immunostain-
ing and the expression of CD40 was detected with flow cytometry, and the positive percentage was shown. (B) CD40 expression
detected at mRNA level. MDDCs were co-cultured with or without C11 cells for 6 h, and C11 cells stimulated with or without TNF-a
(20 ng/ml) for 6 h were also prepared. CD40 expression was detected at mRNA level by qRT-PCR and normalized with b-actin. Data
were presented as mean § SD. (C, D, E) CD40 knockdown impairs iMDDCs-purged HIV-1 reactivation from latency. IMDDCs were trans-
fected with specific CD40 siRNAs or off-target control for 48 h, and CD40 expression was detected by Western blotting (upper panel)
and flow cytometry (lower panel, MFI for CD40-positive staining was calculated) at protein level (C), and by mRNA quantification at tran-
scription level (D). These transfected MDDCs were further co-cultured with C11 cells for additional 24 h and HIV-1 reactivation was
assessed with flow cytometry (E). (F, G, H) CD40L knockdown on C11 diminishes the response to MDDCs stimulation for HIV-1 reactiva-
tion. C11 cells were nucleofected with CD40L specific siRNAs or off-target control for 48 h, and CD40L expression was detected by West-
ern blotting at protein level (F) and mRNA quantification at transcription level (G), and these nucleofected C11 cells were co-cultured
with immature MDDCs for additional 24 h, and HIV-1 reactivation was assessed with flow cytometry (H). (I, J) The supply with recombi-
nant CD40Ligand protein complements HIV-1 reactivation from C11 cells. Recombinant CD40 ligand protein (1 mg/ml) was supplied
during transwell-culture (pore size, 0.4 mm) of C11 cells with iDCs for 24 h, and C11 cells were harvested and GFP expression was
detected with flow cytometry (I), and the supernatant was collected for detecting TNF-a with ELISA (J). One representative result from
at least 3 independent repeats was shown. �� P < 0.01 and ��� P < 0.001 were considered as significant difference in ANOVA analysis.
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This may hinder the usage of these cell models to vali-
date our results. The resting CD4C T cell isolated from
cART-treated patients provides an alternative cell model
for studying HIV-1 latency,59 and these patient0s cells
show robust response to TNF-a in viral outgrowth assay
for quantifying the size of viral reservoir,56 we thus used
these patients-isolated resting CD4CT cells to validate
our results.

Taken together, our data uncover the crucial role of
DCs in stimulating HIV-1 reactivation from latency, and
facilitate a better understanding of host-modulation on
HIV-1 latency.

Methods and materials

Ethics statement

HIV-1-infected individuals underwent combination
antiretroviral therapy (cATR) for more than 3 years
were recruited from Peking Union Medical College
Hospital, Beijing, China. These patients have the unde-
tected plasma viral load by using a standard (RT-)
PCR-based assay (Roche). The signed informed consent
was obtained from each of the research participant, and
the Medical Ethics Review Committee of the Institut
Pasteur of Shanghai, Chinese Academy of Sciences,
China, has approved the study and the usage of human
cells. The resting CD4C T cells were purified from the
peripheral blood mononuclear cells of patients by anti-

CD4 specific antibody-coated microbeads (MiltenyiBiotec)
as described previously.60

Cells

Human peripheral blood mononuclear cells (PBMCs)
were purchased from the Changhai Hospital, Shanghai,
China. The anti-CD14 specific antibody-coated microbe-
ads (Miltenyi Biotech) were used to purify CD14C

monocytes from PBMCs, and the CD14C monocytes
were stimulated with 50 ng/ml granulocyte–macrophage
colony-stimulating factor (GM-CSF) (R&D Systems)
and interleukin (IL)-4 (R&D Systems) for 5 d to generate
monocyte-derived DCs (MDDCs). Mature DCs (mDCs)
were obtained by stimulation of MDDCs with 10 ng/ml
LPS (R&D Systems) for 2 d.

HIV-1 latently infected Jurkat T cell C11 clone was
provided by Prof. Huan-Zhang Zhu (Fudan University,
Shanghai, China) and have been described previously.39

C11 cells were maintained in RPMI 1640 medium sup-
plemented with 10% FBS (Gibco), 100 U/ml of penicillin
and 100 mg/ml of streptomycin at 37�C under 5% CO2.

HIV-1 latency reactivation assay

HIV-1 latently infected Jurkat T C11 cells (4 £ 105/well)
were treated with or without TNF-a (20 ng/ml)
(PHC3015, Invitrogen), 108 CFU of M. bovis BCG Dan-
ish strain (ATCC 35733)(a kind gift from Zheng W.
Chen Laboratory, Institut Pasteur of Shanghai, Chinese
Academy of Sciences, China) or MDDCs (2 £ 105/well)
culture supernatant for 24 h, and cells were harvested
and GFP expression was detected with flow cytometry.
TNF-a production was detected by using human TNF-a
high sensitivity ELISA (eBioscience), according to the
manufacturer0s instructions. In some experiments, the
purified anti-human TNF-a monoclonal antibody
(20 mg/ml) (eBioscience) was used to pretreat DC culture
supernatant for 1 h at room temperature before adding
to C11 cells for stimulation, the mouse IgG1kappa was
used as the isotype control. When indicated, a transwell
plate with a 0.4 mm size insert-membrane was used to
separate C11 cells from MDDCs during culture. Recom-
binant human CD40 ligand protein (1 mg/ml) (R&D Sys-
tems) was used in the indicated MDDC-C11 co-culture.
To distinguish between cell types in the DC-C11 co-cul-
ture experiment, an allophycocyanin (APC)-Alexa
Fluor750-labeled anti-human CD11c antibody (B-ly6;
BD Biosciences PharMingen) was used. MDDCs show a
CD11cC phenotype and C11 cells show a CD11c¡

phenotype.
For viral reactivation from the resting CD4C T

cells isolated from cART-treated patients, these

Figure 5. Schematics illustrating the role of DCs in triggering
HIV-1 reactivation. AIDS-associated pathogens (such as M. bovis
BCG) or bacterial compound LPS mature DCs to secrete TNF-a
into the supernatant to reactivate HIV-1 from latency. Alterna-
tively, co-culture with HIV-1 latently infected T cells mature DCs
through CD40-CD40L signaling pathway, and these matured DCs
secrete TNF-a to activate T cells, allowing HIV-1 reactivation.
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purified resting CD4C T cells (1 £ 106) were co-cul-
tured with immature MDDCs or LPS-treated MDDCs
(0.5 £ 106 for each type of cells) or with their related
culture medium, respectively, for 3 d. Viral reactiva-
tion was detected by semi-quantifying gag mRNA
transcripts and normalized with GAPDH mRNA, and
the relative gag mRNA products were calculated.
These primers were used for (RT-) PCR, Gag: For-
ward, 50-GTG TGG AAA ATC TCT AGC AGT GG
-30 and Reverse, 50-CGC TCT CGC ACC CAT CTC-
30. GAPDH: forward primer-50-ATC CCA TCA CCA
TCT TCC AGG-30 and reverse primer-50-CCT TCT
CCA TGG TGG TGA AGA C-30.

Flow cytometry

To characterize cell phenotype, the following antibodies
or isotype-matched IgG were used for flow cytometry
(clone numbers and sources were given in parentheses):
APC-Alexa Fluor750-CD11c (B-ly6; BD Biosciences
PharMingen); phycoerythrin (PE)-CD14 (61D3; eBio-
science); PE-CD83 (H1B19; eBioscience); PE-CD86
(IT2.2; eBioscience), APC-cy7-HLA-DR (LN3; eBio-
science) and PE-CD40 (KPL-1; eBioscience). Cells were
fixed in 4% formaldehyde for 10 min at room tempera-
ture and subsequently washed with buffer (PBS supple-
mented with 1% FBS). Immunostaining was performed
for 1 h at 4�C. Cells were analyzed with a BD LSRFor-
tessa flow cytometer (BD Biosciences) and FlowJo 7.6.1
software (TreeStar Inc.).

siRNA interference

The CD40 specific siRNA duplex and off-target control
(GenePharma, China) were used to transfect MDDCs,
respectively, using the Amaxa human dendritic cell
nucleofector kit (Amaxa). The knockdown of target
genes was confirmed with flow cytometry and Western
blotting with polyclonal antibodies against human CD40
or CD40 ligand (Abcam). The sequences of siRNA
duplex were listed as follows: Off-target siRNA: 50-UUC
UCC GAA CGU GUC ACG UTT-30 (sense), 50-ACG
UGA CAC GUU CGG AGA AdTdT-30 (antisense);
CD40 siRNA-1: 50-CAA GAC UGA UGU UGU CUG
UTT-30 (sense), 50-ACA GAC AAC AUC AGU CUU
GTT-30 (antisense); CD40 siRNA-2: 50-CAG GCA GGC
ACA AAC AAG ATT-30 (sense), 50-UCU UGU UUG
UGC CUG CCU GTT-30 (antisense). CD40 Ligand
siRNA-1: 50-GCC AGU UUG AAG GCU UUG UTT-30
(sense); 50-ACA AAG CCU UCA AAC UGG CTT-30
(antisense); CD40 Ligand siRNA-2: 50-GGU UGG ACA
AGA UAG AAG ATT-30 (sense); 50-UCU UCU AUC
UUG UCC AAC CT-30 (antisense).

Real-time PCR

Total RNAs from differentially treated cell samples were
extracted by TRIzol Reagent (Invitrogen), and reversly
transcribed into cDNA by using the reverse-aid first strand
cDNA synthesis kit (Fermentas). 2 ml cDNA reaction was
amplified using forward and reverse primers for TNF-a,
CD40, CD40L or b-actin. Primers used are as follows:
TNF-a-F, 50-CCC AGG CAG TCA GAT CT CTT C-30,
and TNF-a-R, 50-GTG AGG AGC ACA TGG GTG
GAG-30; CD40-F, 50-TGC TTG CTG ACC GCT GTC
CT-30, and CD40-R, 50-CAG TGA ACT CTG TGC AGT
CAC T-30; CD40L-F, 50-CAG ATG ATT GGG TCA
GCA CTT-30, and CD40L-R, 50-CCT TCA CAA AGC
CTT CAA ACT G-30; b-Actin-F, 50-GGG AAA TCG
TGC GTG ACA T-30, and b-Actin-R, 50-GTC AGG CAG
CTC GTA GCT CTT-30. Real-time PCR was performed
by using the thunderbird SYBR qPCR mix (TOYOBO),
and the thermal cycling conditions were: 40 cycles of
denaturation at 95�C for 15 s after the initial denaturation
for 10 min, followed by primer annealing at 60�C for 15 s
and extension at 72�C for 30 s. The final extension was at
72�C for 6 min. The levels of TNF-a, CD40 or CD40L
RNA were calculated as fold change relative to b-actin.

Statistical analysis

SigmaStat 2.0 software (Systat Software, San Jose, CA,
USA) was used to perform ANOVA to analyze the sig-
nificant difference.
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