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Management of immune reconstitution inflammatory syndrome
"Mitsuru Konishi, ‘Kenji Uno, *Eiichiro Yoshimoto
‘Center for Infectious Diseases, Nara Medical University
“Division of Infection Control, Nara Kohsei—kai Hospital

Abstract

While antiretroviral therapy (ART) in HIV-infected patients results in dramatic reduc-
tions in HIV viral load and subsequent improvements in CD4 cell count, part of patients
experience clinical deterioration as a direct consequence of rapid and dysregulated restora-
tion of antigen—specific immune responses. This is termed “immune reconstitution inflam-
matory syndrome (IRIS). " Because there is no single agreed upon definition for IRIS, the
diagnosis of IRIS is clinical. Several studies have demonstrated that lower CD4 cell count
and higher viral load at the initiation of ART increase the risk of developing IRIS. Manage-
ment of IRIS consists of appropriate treatment for the diseases of IRIS, control of the
excessive inflammation (NSAIDs or corticosteroids), and interrupting ART.
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Osteoporosis/osteopenia in HIV-infected patients
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ABSTRACT

Vpr, a HIV-1 accessory protein, was believed to be
present in the plasma of HIV-1-positive patients, and
our previous work demonstrated the presence of
plasma Vpr in 20 out of 52 patients. Interestingly, our
data revealed that patients’ viral titer was correlated
with the level of Vpr detected in their plasma. Here, we
first show that rVpr, when incubated with human mono-
cytes or MDMs, caused viral production from latently
infected cells, and IL-6 was identified as a responsible
factor. The induction of IL-6 by rVpr was dependent on
signaling through TLR4 and its adaptor molecule,
MyD88. We next provide evidence that rVpr induced
the formation of OxPC and that a mAb against OxPC
blocked rVpr-induced IL-6 production with the concom-
itant attenuation of MAPK activation. Moreover, the ad-
dition of NAC, a scavenger of ROS, abrogated the rVpr-
induced formation of OxPC, the phosphorylation of
C/EBP-8, a substrate of MAPK, and IL-6 production. As
riL-6 reactivated viral replication in latently infected
cells, our data indicate that rVpr-induced oxidative
stress triggers cell-based innate immune responses
and reactivates viral production in latently infected cells
via IL-6 production. Our results suggest that Vpr should

Abbreviations: ACTB=g-actin, ALLN=N-acetyl-L-leucyi-L-leucyl-L-norleuci-
nal, ANT=adenine nuclectide translocator, CBB=Coomassie briliant blue,
CM=conditioned medium, AC12=C-terminal-most 12 aa, HEN1=avian in-
fluenza virus, HAART =highly active antiretroviral therapy, HIF-1=hypoxia-
inducible factor-1, IKK=IkB kinase, LAL=Limulus amebocyte lysate,
LSC=laser-scanning cytcmeter, MDM=monocyte-derived macrophage,
MMP=mitochondrial membrane potential, NAC=N-acetyl-cysteine,
OxPC=oxidized phosphatidyicholine(s), PFA=paraformaldehyde, gPCR=
quantitative PCR, RIPA=radicimmunoprecipitation assay, ROS= reactive
oxygen species, SARS-CoV=severe acute respiratory syndrome-corona
virus, siRNA=small interfering RNA, SS=sodium salicylate, TRIF=Tol/IL-1R
domain-containing adaptor-inducing IFN-B, Vpr-viral protein R,
WB=Western blot

The oniine version of this paper, found at wwwijleukbio.org, includes
supplemental information.

0741-5400/10/0087-1133 © Society for Leukocyte Biology

be monitored based on the viral titer, and they provide
the rationale for the development of novel, anti-AlIDS
therapeutics targeting Vpr. J. Leukoc. Biol. 87:
1133-1143; 2010.

Introduction

The complete eradication of HIV-1 from infected patients re-
mains problematic, although the use of HAART has improved
the prognosis of patients who are HIV-positive [1]. A major
obstacle to total viral eradication is the persistence of viral res-
ervoirs [2, 3] from which reactivation of viral production can
be initiated in response to exogenous factors such as cytokines
[4, 5], ultraviolet irradiation [6], and DNA damage [6]. As
infected macrophages are a major component of viral reser-
voirs [7-9], clarifying the mechanism of the reactivation of
viral replication in latently infected macrophages is impor-
tant.

Vpr, an accessory gene encoded by the HIV-1 genome, has at
least two activities that up-regulate viral replication in macro-
phages. First, Vpris required for the primary viral infection of
resting macrophages and was shown to contribute to the trans-
location of the preintegration complex from the cytoplasm to
the nucleus [10]. Second, Vpr is present in the plasma of in-
fected patients, and exogenously added Vpr can induce viral
reproduction in latently infected cells [11, 12]. Recently, we
analyzed the level of Vpr in the plasma of HIV-1-positive indi-
viduals and detected the protein in 20 out of 52 patients ex-
amined [13]. Our data also revealed that the detection of Vpr
was coupled with a high copy number of HIV-1 RNA [13], im-
plying that Vpr functions as a positive regulator of viral repli-
cation in vivo.

In addition to viral production, mitochondrial dysfunction is
a particularly important property of Vpr in AIDS pathogenesis

1. Correspondence: Research Institute, International Medical Center of
Japan, 1-21-1 Toyama, Shinjuku-ku, Tokyo 162-8655, Japan. E-mail:
zakay@ri.imgj.go.jp
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[14]. Exogenous Vpr induces apoptosis in T cells and neurons
as a result of its toxic effects on mitochondria [15, 16], and we
found recently that even small amounts of Vpr attenuated neu-
rite outgrowth by inducing mitochondrial dysfunction [17]. It
is well accepted that HIV-1-positive patients suffer from func-
tional defects of the CNS [18]. Additionally, Deshmane et al.
[19] demonstrated recently that HIF-1, a biomarker of oxida-
tive stress, was expressed in the brain tssue of patients with
HIV-l-associated dementia. Additional experiments involving
the expression of Vpr in human microglial cells revealed that
Vpr generated ROS with concomitant HIF-1 expression. These
observations suggest that mitochondrial dysfunction as well as
oxidative stress as a result of Vpr comprise the molecular basis
for AIDS-associated clinical symptoms [20, 21].

TLRs, which are involved in the first line of defense against
pathogens and microorganisms in macrophages and dendritic
cells [22, 23], function as pattern-recognition receptors and
recognize pathogen-associated molecules. To date, 13 TLR
family members have been identified, and their modulation
induces the production of various inflammatory cytokines, che-
mokines, and [FNs [22, 23]. Of these, TLR2 and TLR4 recog-
nize proteins derived from microorganisms; TLR2 recognizes
the hemagglutinin protein of the measles virus, and TLR4 rec-
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ognizes the envelope proteins of respiratory syncytial virus and
mouse mammary tumor virus [22, 23]. TLR4 uses four adaptor
proteins for intracellular signaling (TRIF-related adaptor mole-
cule, TRIF, Mal, and MyD88), which activate MyD88-depen-
dent and -independent pathways differentially in response to
various pathogens [22, 23]. Cytokine production, reflecting
the activation of effector molecules involved in innate immu-
nity, is simulated by the NF-xB and MAPK signaling pathways
[24], which activate downstream transcription factors such as
NF-«B, cJun, C/EBP-B, and CREB [24-26].

Recently, oxidative stress was shown to be linked to innate
immunity [27]. OxPC, formed from phospholipids in response
to oxidative stress, were identified originally in atherosclerotic
lesions. Imai et al. [27] showed recently that OxPC was
formed during infection with SARS-CoV or H5N1 and that it
induced TLR4-mediated IL-6 production. Furthermore, E06, a
mAD against OxPC, ameliorated pathological changes in lung
tissue, implying that OxPC formation is a critical factor re-
sponsible for the severe clinical course caused by these viruses
[27]. Importantly, recent observations have suggested that oxi-
dative stress is involved in a variety of pathological conditions,
including diabetes mellitus [28] and neurodegenerative dis-
cases such as Alzheimer’s disease [29] and Parkinson’s disease
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Figure 1. IL-6 and MDMs are respounsible for rVprinduced viral produc-
tion. (A) Elution patterns of rVpr, which was purified by affinity chroma-
tography using two columns: a glutathione column and an affinity col-
umn with anti-Vpr antibodies (8D1). After SDS-PAGE, the proteins were
visualized with CBB. F. T., flow through. (B) Viral production by PBMCs
and rVpr. Ul cells and PBMCs were cocultured with or without 10
ng/ml rVpr for 2 days. The data represent three independent experi-
ments and are expressed as the mean = sp. (C) Dose response of rVpr
for virus-producing activity. Ul cells were cultured for 2 days in 10% CM,
which had been prepared by the incubation of PBMCs for 2 days in the
presence of various amounts of rVpr. (D and E) Analysis of the IL-6 level by
ELISA (D) or RT-qPCR (E). PBMCs were cultured with or without 10
ng/ml rVpr for 2 days, and the level of IL-6 was quantified. (F) Viral
production in Ul cells stimulated by rIL-6. (G and H) MDMs were re-
sponsible for rVpr-induced IL-6 production. Populations of PBMCs, de-
pleted of CD14-positive cells (see Supplemental Fig. 4), were cultured
for 2 days in the presence of 10 ng/ml rVpr (G). MDMs prepared from
healthy PBMCs were cultured with or without 10 ng/ml rVpr for 2 days
(H). IL+6 in the culture supernatant was measured by ELISA. The data
were obtained from three independent experiments. The values are ex-
pressed as the mean * sp. *, P < 0.05.
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[30]. It is therefore important to clarify the possible link be-
tween the inappropriate activation of innate immune re-
sponses and the development of intractable human diseases.

Here, we show that rVpr induced the formation of OxPC in
MDMs and that this induction was blocked by the addition of
NAC, a scavenger of ROS. An analysis of signaling cascades
revealed that rVpr activated the TLR4/MyD88 pathway and
consequently modulated the NF-«B and MAPK pathways as a
downstream effect. Interestingly, an antibody against OxPC
(DLH3) attenuated rVpr-induced IL-6 production and the
phosphorylation of C/EBP-B, suggesting that the formation of
OxPC is involved as a pan upstream event in Vpr-induced IL-6
production. Along with evidence that rVpr, added exogenously
at a concentration comparable with that observed in patient
plasma, reactivated viral reproduction via IL-6 production, we
propose that the monitoring of Vpr in the context of clinical
outcome is important for understanding the mechanism of
recurrent viral production in patients; moreover, our data pro-
vide the rationale for the development of novel anti-AIDS ther-
apeutics targeting Vpr.

MATERIALS AND METHODS

Cells and chemicals

Peripheral blood was donated by healthy humans who worked within the
institute and gave informed consent. The ethics committee of the institute

approved the current project designed to clarify the role of Vpr in AIDS
development. Mononuclear cells (PBMCs) were prepared from the periph-
eral blood by using Lymphoprep (Axis-Shield, Dundee Technology Park,
Dundee, Scotland), and then monocytes were isolated from the PBMCs via
CD14-negative selection using a magnetic cell sorting (MACS) system
(Miltenyi Biotec, Bergisch Gladbach, Germany). For preparation of MDMs,
recovered monocytes were cultured for 4 days with M-CSF (50 ng/ml; R&D
Systems, Minneapolis, MN, USA). In the CD14-depletion experiment, PBMCs
were treated with magnetic beads conjugated with anti-CD14 antibody
(Miltenyi Biotec). Human Ul cells [4], a monocytic cell line of HIV-1 la-
tently infected cells, were provided by National Institutes of Health AIDS
(Germantown, MD, USA). The PBMCs, MDMs, and U1 cells were cultured
in RPMI 1640 containing 10% FCS at 37°C and 5% CO,. In the comple-
mentation experiment of C/EBP-B, THP-1 was cultured in IMDM with 10%
FCS at 37°C and 5% CO,,. To investigate any indirect effects of Vpr against
latently infected cells, we performed coculture experiments. For these, the
Ul cells and PBMCs were cultured using a noncontact cell coculture insert
system (BD Falcon, Franklin Lakes, NJ, USA) in RPMI 1640 with 10% FCS
at 37°C and 5% CO,. The calpain I inhibitor ALLN, the p38 MAPK inhibi-
tor 4-(4-fluorophenyl)-2-(4-hydroxyphenyl)-5-(4-pyridyl)-1 H-imidazole
(SB202190), and the IKK inhibitor SS were purchased from Sigma Chemi-
cal Co. (St. Louis, MO, USA).

Purification of rVpr

rVpr and AC12, a deletion mutant of the C-terminal 12 aa of rVpr, were
expressed as a GST fusion protein in BL21-CodonPlus (DE3; Stratagene, La
Jolla, CA, USA) and purified using a two-step affinity column chromatogra-
phy method with glutathione and anti-Vpr antibody beads, as described
previously [13]. Bricfly, GST-Vpr was first bound to a ghatathione column,
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(B and C) Evaluation of the role of NF-«B in rVpr-induced IL-6 production. PBMCs (B) and MDMs (C) were pretreated with S8 (1.25-20 mM)
for 30 min and then cultured with or without 10 ng/ml rVpr for 2 days. PBMCs and MDMs were treated for 2 days before analysis by ELISA.
The data shown in B were obtained from a single sample, whereas those shown in C were obtained from triplicate experiments for each sam-
ple. (D) AC12-induced IxB-a phosphorylation. MDMs were treated with or without stimulators (10 ng/ml TNF-e, rVpr, or AC12) for 40 min.
Phosphorylated IxB-« (P-IxB-a) and total IxB-o were analyzed by WB. -Tubulin was used as a loading control. (E) Purity of rVpr and AC12.
The electrophoretic patterns of the purified proteins were visualized by CBB staining. (F and G) IL-6 was assayed after the treatment of cells
with rVpr and AC12 at 10 ng/ml for 2 days prior to ELISA (F) and for 3 h prior to RT-qPCR (G). IL-6 production was tested in MDMs. The
data were obtained from three independent experiments. The values are expressed as the mean * sp. *, P < 0.05.
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and Vpr proteins were cleaved from GST using PreScission (GE Health-
care, Milwaukee, WI, USA) and eluted with buffer [20 mM phosphate
buffer (pH 7.6), 150 mM NaCl, 10% glycerol, 1 mM PMSF, 0.1% Triton
X-100]. The eluted rVpr was then applied to an affinity column containing
two kinds of mAb against rVpr (8D1 and C217). After washing the column
thoroughly using buffer prepared with pyrogen-free distilled water, the
rVpr proteins were eluted with 100 mM HEPES (pH 2.5). The eluate con-
taining rVpr or AC12 (see Fig. 2E) was neutralized immediately by 1 M
HEPES (pH 7.6). As LPS could have contaminated the purified rVpr solu-
tion, we tested for the presence of LPS using a highly sensitive LPS assay
with LAL, the detection limit of which was 0.001 EU/ml (Endospecy kit
and Toxicolor DIA kit, Seikagaku Corp., Tokyo, Japan; Supplemental Fig.
1A). rVpr, purified by an affinity column chromatography with 8D1, con-
tained no detectable LPS (Supplemental Fig. 1A). We also confirmed that
the purified rVpr solution did not inhibit the detection of LPS (data not
shown). The activity of rVpr was abolished completely with heat for 5 min
(boiling at 100°C). In contrast, the activity of LPS was partially restored
(Supplemental Fig. 1B).

Detection of IL-6 and p24

Cells were cultured for 2 days with rVpr (10 ng/ml) or LPS (10 pg/ml;
Sigma Chemical Co.). We analyzed IL-6 and p24, a HIV-1 capsid protein,
in the culture supernatants using IL-6 (Endogen, Pierce, Rockford, IL,
USA) and p24 (ZeptoMetrix, Buffalo, NY, USA) ELISA Kits, respectively.
The cells were cultured with stimuli for 3 h, and then, the mRNA for RT-
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SB202190 for 1 h and then cocultured with PBMCs and 10 ng/ml rVpr.

qPCR was prepared using an RNeasy Mini kit (Qiagen, Valencia, CA, USA).
The RT reaction was performed using a ReverTra Ace qPCR RT kit
(Toyobo, Osaka, Japan) following the manufacturer’s instructions. The
qPCR was performed using ABI prism 7000 (Applied Biosystems, Foster
City, CA, USA) and TagMan Gene Expression Assays (Applied Biosystems).

Protein array and WB analyses

The PBMCs were cultured with or without rVpr for 2 days, and the culture
supernatants were analyzed using a protein array system (TranSignal Hu-
man Cytokine Antibody Array 1.0, Panomics, Redwood City, CA, USA). Var-
ious cytokines and chemokines were identified using specific antibodies
plotted on membranes. To detect the phosphorylation of IxB-w, the MDMs
were pretreated with ALLN (150 puM; Sigma Chemical Co.) for 2 h and
then treated with rVpr for 40 min. To analyze the phosphorylation of
C/EBP-B and cjun, the MDMs were exposed to rVpr for 40 min. The
MDMs were then lysed with RIPA buffer [50 mM Tris-HCI (pH 8.0),
150 mM NaCl, 0.1% SDS, 0.5% sodium deoxycholate, 1% Nonidet P-40,
protease inhibitor cocktail (Roche Diagnostics, Basel, Switzerland), 10
mM f-glycerophosphate, 1 mM NagVO,, 5 mM pixels per inch, and 50
mM NaF], and the cell lysates were subjected to SDS-PAGE. For these
experiments, we used antibodies against phosphorylated IxB-a,
C/EBP-B, and cjun, their regular forms (Cell Signaling Technology,
Danvers, MA, USA), and B-tubulin (NeoMarkers, Lab Vision, Fremont,
CA, USA).
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Figure 3. rVprinduced IL-6 production is required for the function of
C/EBP-B. (A) The selective phosphorylation of C/EBP-8 by rVpr.
MDM:s were treated with rVpr or ACI2 at 10 ng/ml for 40 min, and
the presence of phospho (P)-cJun and -C/EBP-B was assessed by WB.
Note that cJun was phosphorylated by rVpr and AC12 (lanes 2 and 3),
whereas significanc C/EBP-B phosphorylation was induced only by rVpr
(lane 2). The figure is a composite image of lanes pasted together of
data obtained in the same blot. (B) rVpr-induced IL-6 production was
inhibited by a p38-specific inhibitor. MDMs were pretreated with or
without 1 uM SB202190 (SB) for 30 min and thereafter, with or with-
out 10 ng/ml rVpr for 2 days. Culture supernatants were subjected to
IL-6 ELISA. (C) SB202190 inhibited the rVpr-induced phosphorylation
of C/EBP-B. The inhibitory affect of SB202190 on p38 activity was ana-
lyzed by WB. MDMs, preincubated with or without 1 pM SB202190 for
30 min, were treated for 40 min with 10 ng/ml rVpr. Lane 1, Control;
lane 2, rVpr; lane 3, rVpr with SB202190. (D) Inhibitory effects of
SB202190 on viral reproduction by rVpr. PBMCs were pretreated with
(E and F) C/EBP-§ is crucial for rVpr-induced IL-6 production. WB

was performed on MDMs that had been transfected with C/EBP-8 siRNA. Endogenous C/EBP-B expression was down-regulated efficiently (lane
2; E). B-Tubulin was included as a loading control. The activity of rVpr (10 ng/ml for 40 min) was examined in these cells by RT-qPCR (F).
The level of IL-6 mRNA was normalized to ACTB. The data were obtained from three independent experiments. The values are expressed as

the mean * sp. *, P < 0.05.
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Blocking experiments

The PBMCs were treated with rVpr for 2 days, and the collected culture
supernatants were treated with anti-IL-6 antibody (R&D Systems) or control
mouse IgG (Sigma Chemical Co.). The Ul cells were cultured in RPMI
1640 containing 10% antibody-treated culture supernatant of PBMCs,
which were treated with rVpr for an additional 2 days, and the culture su-
pernatants were analyzed for virus production using p24 ELISA. For block-
ing experiments, PBMCs were pretreated with 8D1 or control IgG for 30
min and then cultured for 2 days in the absence or presence of rVpr (10
ng/ml). Thereafter, culture supernatants were harvested, and IL-6 concen-
tration was analyzed by ELISA. To determine the involvement of TLRs with
rVpr-induced IL-6 production, we pretreated the MDMs with anti-TLR2
(Abcam, Cambridge, MA, USA) and anti-TLR4 (Abcam) antibodies for 20
min and then treated the MDMs with rVpr for 3 h. Subsequently, we mea-
sured the level of IL-6 mRNA expression using RTqPCR.

Inhibitor experiments

The PBMCs and MDMs were pretreated with 8§ (1.25-20 mM) or
5§B202190 (1 uM) for 30 min before the addition of rVpr. After 2 days, the
cultured supernatants were collected and analyzed for IL-6 concentration
using an I1-6 ELISA. To test the effects on rVpr-induced virus reproduc-
tion, the PBMCs were pretreated with SB202190 (1 uM) for 1 h and then
exposed to rVpr overnight. Subsequently, the Ul cells were cocultured with
SB202190 and treated with rVpr PBMCs for 2 additional days. The virus
concentrations were analyzed in the culture supernatants using the p24
ELISA. NAC (20 mM; Sigma Chemical Co.) [31], a scavenger of ROS, was
added to MDMs for 30 min; then, rVpr was treated for 2 days (ELISA) or
for 40 min (WB) with NAC. The culture media or the cell lysates were sub-
jected to analysis of IL-6 by ELISA or phosphorylation of IkB-a, cjun, and
C/EBP- by WB.

Promoter assay

We measured the transcriptional activity of the IL-6 promoter using the
following reporter plasmids: pIL6-luc651, pIL6-ANF-«B, pIL6-AC/EBP-8,
pIL6-ANF-kB-AC/EBP-B, and pIL6-AAP-1 [32]. Each reporter construct had
been mutated to exclude one or two transcription factor-binding sites and
to encode firefly luciferase as the reporter gene. Dr. Oliver Eickelberg
(University of Giessen, Germany) kindly provided these reporter plasmids.
The MDMs (5X10° cells) were cotransfected with 2 ug each pIL6-luc651
and their mutant plasmid DNA, with 0.5 ug Renilla reniformis luciferase ex-
pression plasmid DNA as an internal control (pGL4.73; Promega, Madison,
WI, USA). Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) was used
for transfecting the plasmids into the MDMs. The following day, the MDMs
were treated with rVpr for 24 h, and luciferase activity was measured using
PicaGene (Toyo Ink, Tokyo, Japan). The luciferase activities in the cell ly-
sates were normalized using the protein concentration measured with a
bicinchoninic acid protein assay kit (Thermo Scientific, Fremont, CA,
USA).

RNA interference and complementation experiments

siRNAs were used to block C/EBP-$3, MyD88, and TLR4 expression (C/EBP-5;
Ambion, Foster City, CA, USA; MyD88 and TLR4, Dharmacon, Fremont, CA,
USA). Sequences of each siRNA were C/EBP-A: 5-CCCACGUGUAACUGU-
CAGCtt-3', 5'“CCAACCGCACAUGCAGAUGH-3', and 5"-GCCCGUCGGUAA-
UUUUAAU-3'; MyD88: 5'-CGACUGAAGUUGUGUGUGU-3', 5-GCUAGU-
GAGCUCAUCGAAA-3', 5-GCAUAUGCCUGAGCGUUUG3', and 5-GCAC-
CUGUGUCUGGUCUAU-3’; and TLR4: 5'-UGGUGGAAGUUGAACGAAU-3',
5'-GUUUAGAAGUCCAUCGUUU-3', 5'-CAUUGAAGAAUUCCGAUUA-3',
and 5'-GGAAAAUGGUGUAGCCGUU-3'. As control, a mixture of three
irrelevant siRNAs with nontargeting sequences was used [Silencer Nega-
tive Control Nos. 1-3 siRNA (Catalog No. 1: AM4611, No. 2: AM4613,
No. 3: AM4615); Ambion]. Each control sequence was a nondisclosure
by the manufacturer’s policy.

The MDMs were transfected with 100 pmoles siRNA molecules using Lipo-
fectamine 2000 and were cultured for 2 days before the cell lysates were pre-
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pared using RIPA buffer. To confirm the effects of the siRNAs, the protein
expression levels of endogenous C/EBP-8 and MyD88 were examined using
antibodies specific for o-C/EBP-8 and o-MyD88 (Cell Signaling Technology).
The repression of TLR4 was confirmed by determining the mRNA expression
level and immunostaining. The primer sequences used for RT-PCR detection
of TLR4 were 5-CGGATGGCAACATTTAGAATTAGT-3' (forward) and 5'-
TGATTGAGACTGTA-ATCAAGAACG-3’ (reverse). To confirm the knockdown
of endogenous TLR4, immunostaining was performed using an antibody
against TLR4 (HTA125; Abcam). The MDMs transfected with TLR4 siRNA
were washed once with cold PBS and incubated with PBS containing 10% FCS,
0.5% NaNj,, and 1 mM PMSF for 10 min at 4°C. Subsequently, the MDMs
were washed with cold PBS and treated for 1 h at 4°C using 1 pg o-TLR4 and-
body (Abcam) diluted with PBS containing 0.2% NaN, and 3% BSA. After

1 h, the MDMs were washed three times with cold PBS and fixed with 0.5%
PFA for 15 min. Subsequently, TLR4 was detected using a-mouse IgG-Alexa-
546 (Invitrogen) as the secondary antibody.

In the C/EBP-B complementation experiment, the C/EBP-8 cDNA was
cloned using macrophages obtained from healthy volunteers and then in-
serted into an expression plasmid. The THP-1 cells were transfected with 2.5
u1g C/EBP-B expression plasmid using 2 ul Lipofectamine 2000 in 500 ul
Opti-MEM. After 2 days, the cells were collected and lysed with RIPA buffer.
The lysate was analyzed to determine the expression level of exogenous
C/EBP- by WB analysis. The transfectant was stimulated with rVpr or LPS for
3 h. We then prepared RT-qPCR samples using a RNA extraction kit (Qia-
gen). The IL6 expression level was analyzed using a RT-qPCR system.
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Figure 4. C/EBP-B is essential for rVprinduced IL-6 production.

(A) Weak expression of endogenous C/EBP- in leukemic cells. WB
was performed using MDMs and Ul, U937, or THP-1 cells (lanes 1-5)
and THP-1 cells transfected with exogenous C/EBP8 cDNA (lanes 6
and 7). B-Tubulin was included as a loading control. (B) The response
to rVpr was restored by C/EBP-B. After transfection with C/EBP-3
cDNA, THP-1 cells were cultured with rVpr or AC12 at 10 ng/ml, and
IL-6 mRNA expression was analyzed. (C) LPS activated THP-1 cells
dramatically after the introduction of C/EBP-8 cDNA. LPS was added
for 3 h at 10 ng/ml, and IL-6 mRNA expression was analyzed by RT-
qPCR. The data were obtained from three independent experiments.
The values are expressed as the mean * sp. *, P < 0.05.
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