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CD4 Ligation on Human Blood Monocytes Triggers Macrophage
Differentiation and Enhances HIV Infection

Anjie Zhen,a,b Stephan R. Krutzik,b,c Bernard R. Levin,a,b Saro Kasparian,a,b Jerome A. Zack,a,b Scott G. Kitchena,b

Division of Hematology/Oncology,a UCLA AIDS Institute,b and Division of Dermatology,c Department of Medicine, David Geffen School of Medicine at UCLA, Los Angeles,
California, USA

ABSTRACT

A unique aspect of human monocytes, compared to monocytes from many other species, is that they express the CD4 molecule.
However, the role of the CD4 molecule in human monocyte development and function is not known. We determined that the
activation of CD4 via interaction with major histocompatibility complex class II (MHC-II) triggers cytokine expression and the
differentiation of human monocytes into functional mature macrophages. Importantly, we determined that CD4 activation in-
duces intracellular signaling in monocytes and that inhibition of the MAPK and Src family kinase pathways blocked the ability
of CD4 ligation to trigger macrophage differentiation. We observed that ligation of CD4 by MHC-II on activated endothelial
cells induced CD4-mediated macrophage differentiation of blood monocytes. Finally, CD4 ligation by MHC-II increases the sus-
ceptibility of blood-derived monocytes to HIV binding and subsequent infection. Altogether, our studies have identified a novel
function for the CD4 molecule on peripheral monocytes and suggest that a unique set of events that lead to innate immune acti-
vation differ between humans and mice. Further, these events can have effects on HIV infection and persistence in the macro-
phage compartment.

IMPORTANCE

The CD4 molecule, as the primary receptor for HIV, plays an important role in HIV pathogenesis. There are many cell types that
express CD4 other than the primary HIV target, the CD4� T cell. Other than allowing HIV infection, the role of the CD4 mole-
cule on human monocytes or macrophages is not known. We were interested in determining the role of CD4 in human mono-
cyte/macrophage development and function and the potential effects of this on HIV infection. We identified a role for the CD4
molecule in triggering the activation and development of a monocyte into a macrophage following its ligation. Activation of the
monocyte through the CD4 molecule in this manner increases the ability of monocytes to bind to and become infected with HIV.
Our studies have identified a novel function for the CD4 molecule on peripheral monocytes in triggering macrophage develop-
ment that has direct consequences for HIV infection.

Monocytes, which typically represent approximately 10% of
human peripheral blood mononuclear cells (PBMCs), are

mobile progenitor cells to tissue-embedded macrophages and
dendritic cells (DC). Monocytes are a heterogeneous group of cells
that are distinguished by the expression of several cell surface mol-
ecules, including CD14, CD16, CD64, and CD4 (1, 2). Due to their
expression of pattern recognition receptors, monocytes represent
an immediate, nonproliferating effector population of cells that
play key roles in innate immunity through their inflammatory and
phagocytic responses (3). Their primary functions include trig-
gering antimicrobial responses, maintaining tissue homeostasis,
performing tissue repair, and scavenging toxic or foreign material
(1, 4). The ability of monocytes to produce a variety of proinflam-
matory cytokines following their activation and their ability to
serve as antigen-presenting cells (APCs) bridge the innate im-
mune response with the modulation of the adaptive immune re-
sponse during inflammation (1). Importantly, peripheral mono-
cytes rapidly differentiate into macrophages following activation
with various immune signals, including Toll-like receptor (TLR)
ligands, interleukin 10 (IL-10), and IL-15 (5–7). These rapidly
differentiated macrophages are characterized by their functional
activities, including phagocytosis and antimicrobial activity, as
well as their expression of CD209 (5–7).

One significant, unique aspect of human monocytes and mac-
rophages, compared to mouse macrophages, is that they express

the CD4 molecule (8). While the function of CD4 on T cells is well
characterized, the function of CD4 on human monocytes is not
well understood. The CD4 molecule is a 55- to 58-kDa mem-
brane-bound glycoprotein member of the immunoglobulin fam-
ily of receptors and interacts with major histocompatibility com-
plex class II (MHC-II), IL-16, and human immunodeficiency
virus (HIV) gp120 (9–11). Neither the interaction of CD4 on
non-T cells with MHC-II nor the signaling capability of CD4 in
macrophage lineage cells is fully understood. For instance, while it
is clear that the intracellular domain of CD4 interacts with the Src
family kinase Lck in T cells, CD4� monocytes lack expression of
Lck (9, 12).

Macrophages are an important cellular target and viral reser-
voir for HIV in infected individuals (13). Besides HIV infection of
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the CD4� T helper cell population, macrophages are thought to
constitute the second most-infected cellular subset and the lon-
gest-lived one. Infected macrophages are found distributed in ev-
ery tissue in the body in HIV-infected individuals (13–16). Mac-
rophages are believed to be important in the persistence and
pathogenesis of HIV infection due to their widespread anatomical
presence and are thought to contribute to long-lived reservoirs of
virus-infected cells (16). Subsets of these cells, particularly more
mature monocytes and macrophages, including the CD14�

CD16� monocyte subset, are preferentially infected with HIV
both in vivo and in vitro (15–19). Monocytes productively infected
with HIV have been found in the peripheral blood and constitute
a significant, continually evolving viral reservoir (20–24). These
infected monocytes can further differentiate in the tissues into
mature, virus-harboring macrophages that can disseminate HIV
to other cell types, including T cells (15, 22, 25). Further, infected
macrophages appear to be more resistant to the cytopathic effects
of HIV than are CD4� T helper cells (14, 26, 27), and HIV infec-
tion can alter macrophage function by affecting phagocytic activ-
ity and modulating the production and/or secretion of factors that
influence antigen-presenting cell activity and change bystander
cell responses (13, 14, 28). In addition, macrophages may have an
important role in chronic inflammation and atherosclerosis in
HIV-infected individuals (16). Thus, in these studies, we were
interested in examining the functional outcome resulting from the
interaction of CD4 on monocytes with proinflammatory MHC-II
and the effects of this interaction on HIV infection of these cells
(29). Since activation of macrophages can be triggered by a variety
of stimuli, including pathogen-associated molecular patterns
(PAMPs), Fc receptor binding, and cytokine stimulation (1, 3, 4),
we hypothesized that activation of CD4 on human monocytes
results in unique signaling pathways leading to monocyte activa-
tion and differentiation and that this affects the ability of these
cells to be infected with or bound by HIV.

MATERIALS AND METHODS
Human peripheral blood. Human peripheral blood cells were obtained at
the University of California, Los Angeles, from anonymous donors using
an Institutional Review Board (IRB)-approved written consent form in
accordance with UCLA IRB-approved protocols by the UCLA Center for
AIDS Research (CFAR) Virology Laboratory and were distributed for this
study without personal identifying information.

Antibodies, cytokines, and soluble MHC. The following antibodies
were used in phenotypic assessment of cells by flow cytometry: CD11c,
CD14, CD4, HLA-DR (Coulter), CD16, CD163, CD45, and IgG controls
(eBioscience); phosphorylated p38 (pp38) mitogen-activated protein ki-
nase (MAPK), phosphorylated extracellular signal-regulated kinase 1/2
(pERK1/2), pNF-�B, phosphorylated signal transducer and activator of
transcription 3 (pSTAT3), CD36, and CD209 (BD Biosciences); and TLR8
(Invivogen). For CD4-blocking experiments, a previously identified (30,
31) cocktail of anti-CD4 blocking antibodies, including clones 13B8.2 and
BL4 (Immunotech), RPA-T4 and OKT4 (eBioscience), SK3 (Leu3a) (BD
Bioscience), and S3.5 (Invitrogen), was used to examine CD4 specificity.
All were obtained in forms without azide and in tissue culture-optimized
forms when available, and all were used at an initial staining concentra-
tion of 1 �g/ml. Mouse IgG1, IgG2a, and IgG2b (eBioscience) were used
as controls. In CD36-blocking experiments, purified anti-CD36 antibod-
ies (BD Bioscience) or mouse IgM isotype (eBioscience) was used as a
control. Recombinant human gamma interferon (IFN-�) (Peprotech),
granulocyte-macrophage colony-stimulating factor (GM-CSF) (Invitro-
gen), IL-15 (Gibco), and IL-16 (R&D Systems) were used to examine their
effects on monocytes. Unlabeled soluble MHC-II (sMHC-II) (HLA-

DRB1*0401) with the human class II-associated invariant chain peptide
(CLIP) (amino acids 103 to 117) tetramer or soluble MHC class I
(sMHC-I) (HLA-A*0201) with an Epstein-Barr virus latent membrane
protein 2A (LMP2A) (amino acids 426 to 434) peptide were obtained
from the NIH Tetramer Core Facility. Endotoxin testing of these reagents
determined them to be �0.26 IU/ml utilizing the ToxinSensor Gel-Clot
Assay (GeneScript).

Purification and differentiation of human peripheral blood mono-
cytes. Human peripheral blood was obtained from anonymous healthy
adult donors in the form of leukopacks through the UCLA Center for
AIDS Research Virology Core Laboratory. Monocytes were purified
through magnetic activated cell sorting either through positive selection
utilizing CD14 microbeads or by negative selection using the Monocyte
Isolation Kit II (Miltenyi Biotech). Purity was verified by flow cytometry
and was typically greater than 90% CD14� monocytes with �0.5% CD3�

cells. The purified monocytes were stimulated with medium alone, IL-15
(200 ng/ml), GM-CSF (100 units [or 10 ng]/ml), lipopolysaccharide
(LPS) (10 ng/ml), soluble MHC-II (1 �g/ml), macrophage colony-stim-
ulating factor (M-CSF) (10 ng/ml) or soluble MHC-I (1 �g/ml) in RPMI
1640 medium containing 10% fetal calf serum (FCS). In cultures contain-
ing blocking CD4 monoclonal antibodies (MAbs), cells were pretreated
for 30 min at 4°C prior to culture or treatment with a cocktail of the
CD4-blocking antibodies or a cocktail of equivalent concentrations of
mouse IgGs, with antibodies of each subclass (IgG1, IgG2a, and IgG2b) at
the same concentration as the matching type antibody in the CD4-block-
ing cocktail. The cells were then cultured for 48 h at 37°C.

Flow cytometry. Cell surface marker expression was analyzed by
multiparametric flow cytometry utilizing antibodies conjugated to
either fluorescein isothiocyanate (FITC), peridinin chlorophyll pro-
tein (PerCP)-Cy5.5, phycoerythrin (PE), electron-coupled dye (ECD),
PE-Cy5, PE-Cy7, allophycocyanin (APC), APC-Alexa 750, APC-
eFluor780 (eBioscience), Alexa 700, or eFluor405, Pacific Blue, or Pacific
Orange (all from eBioscience) in appropriate combinations. Cells were
acquired on an LSR II flow cytometer (BD Biosciences), part of the UCLA
CFAR Flow Cytometry Core Laboratory, using FACSDiva software and
were analyzed by FlowJo software. Intracellular TLR8 staining was per-
formed using the Cytofix/Cytoperm Fixation/Permeabilization Solution
Kit (BD Biosciences) according to the manufacturer’s instructions. All the
cells were analyzed following fixation in a 1% formaldehyde solution.

Endocytosis and TLR8 functional assays. Macrophages derived from
2-day treatment with medium alone, sMHC-II, IL-15, or GM-CSF were
incubated at 37°C with one of the following for 1 h: Lucifer Yellow (LY) (0
to 1 mg/ml; Invitrogen), FITC-labeled dextran (0 to 1 mg/ml; Invitrogen),
or green-fluorescent-protein-labeled Escherichia coli (multiplicity of in-
fection [MOI] � 0 to 10). Some of these cells were incubated for 4 h at 37°
with Dil (1,1=-dioctadecyl-3,3,3=,3=-tetramethylindocarbocyanine per-
chlorate)-labeled CuSO4-oxidized low-density lipoprotein (Dil-oxLDL)
(Intracel) (0 to 10 mg/ml). For CD36-blocking studies, cells differentiated
for 2 days in sMHC-II were pretreated with 10 �g/ml of either mouse IgM
as a control or anti-CD36 for 30 min at 37°C. The cells were then washed
and incubated as described above with Dil-oxLDL. Cells were harvested
and analyzed by flow cytometry. The intracellular uptake under each con-
dition was determined by subtracting the mean fluorescence intensity of
macrophages derived from controls treated with medium alone from that
of macrophages derived from the sMHC-II-, IL-15-, or GM-CSF-treated
cells. For TLR8 activation studies, macrophages derived from 2-day treat-
ment with medium alone, sMHC-II, IL-15, or GM-CSF were placed in
culture with the HIV-derived single-stranded RNA40 (ssRNA40) or a
control RNA, ssRNA41 (0.5 �g/ml) (Invivogen), TLR8 ligand. Culture
supernatants were harvested 24 h later and assessed for cytokine produc-
tion with a Cytometric Bead Array using beads and antibodies specific for
IL-1�, IL-6, and IL-12 (BD Biosciences), followed by flow cytometry,
according to the manufacturer’s instructions.

Cell signaling assays. For measurement of intracellular calcium flux,
freshly purified human peripheral blood monocytes were incubated in

CD4 Function on Human Monocytes

September 2014 Volume 88 Number 17 jvi.asm.org 9935

http://jvi.asm.org


phosphate-buffered saline (PBS) containing 1.5 �M Fluo-4 AM (Invitro-
gen) at 37°C for 2 h, washed, and kept at 4°C. For CD4-cross-linking
studies, the cells were divided and an aliquot was prestained with biotin-
ylated CD4 MAb OKT4 for 20 min at 4°C (similar to the method described
previously [32, 33]). The cells were then sequentially stimulated with pre-
warmed (37°) RPMI 1640 medium containing nothing, 5 �M ionomycin
(Invitrogen), 2 �g/ml sMHC-II, 200 ng/ml IL-16, or 20 �g/ml NeutrAvidin
(Invitrogen) to cross-link CD4. The calcium flux was measured by imme-
diately placing cells on an FC500 flow cytometer (Coulter) and assessing
fluorescence using a 488-nm laser. For measurement of p38 phosphory-
lation, freshly purified monocytes were stimulated in the above-described
manner with either medium alone or sMHC-II. The cells were removed
from culture and placed in cold (	20°C) methanol to fix and permeabil-
ize the cells. The cells were then stained separately for phosphorylated
(pT180/pY182) MAPK p38, phosphorylated (pT202/pY204) ERK1/2,
phosphorylated (pY705) STAT3, and phosphorylated (pS529) NF-�B us-
ing the PhosFlow MAb system (BD Biosciences). The cells were subse-
quently analyzed by flow cytometry.

For signal transduction inhibition studies, freshly purified human
monocytes were incubated with the indicated inhibitor for 30 min at 4°C.
The concentrations of each inhibitor were based on previously published
reports from our group and others (33, 34). The inhibitors used and their
concentrations were as follows: PP2 {(4-amino-5-(4-chlorophenyl)-7-
(dimethylethyl)pyrazolo[3,4-d]pyrimidine}, 10 �M; PD98059, 100 �M;
U0126, 10 nM (Calbiochem); bisindolylmaleimide (BIM) I, 1 �M; and
H89, 1 �M (Sigma). The cells were then treated either with medium only
or with sMHC-II and analyzed as described above. Statistically significant
differences were determined using the t test.

DNA microarray data and analysis. Microarray data were analyzed by
the UCLA CFAR Biostatistics Core. Fresh blood monocytes, obtained
through negative selection from three separate individual donors, were
treated with RPMI 1640 medium alone or with medium containing
sMHC-II (1 �g/ml) for 3 h. The cells were harvested, and RNA was puri-
fied using the RNeasy procedure (Qiagen). RNA was then analyzed by the
UCLA Clinical Microarray Core Laboratory using the Human U133 Plus
2.0 Array (Affymetrix). Data were analyzed using Dchip software (Cheng
Li Lab, Harvard University). Visual inspection did not find any potential
outliers or suspect areas. Data across all groups were normalized using the
perfect match (PM)-mismatch (MM) difference. Genes were selected for
further analysis if the paired t test of the difference between treatment and
control was significant (P � 0.1) across all 3 patients. The genes were then
analyzed using hierarchical clustering. For transcription factor associa-
tion analysis, we used the Transcription Element Listening System (TE-
LiS) (35). Data were imported into the algorithm, and transcription factor
binding site association was output. The P values indicate whether a tran-
scription factor binding motif (TFBM) is present in a greater fraction of
differentially expressed genes than in the whole genome.

Cytokine array. Monocytes were treated either with medium alone or
with sMHC-II for 24 h, and the supernatants were harvested and exam-
ined for differential cytokine expression using the Human Cytokine Array
G5 (RayBiotech) according to the manufacturer’s instructions. Quantita-
tion of array data and comparisons were performed using Imagequant TL
software (GE Healthcare Life Sciences). Cytokines that were modulated in
3 out of 3 donors were identified.

HUVEC culture, activation, and macrophage differentiation. Hu-
man cord blood endothelial cells (HUVECs) were purchased in viable
frozen form from Lonza or Cell Applications Inc. The cells were thawed
and cultured for two passages prior to use according to the manufacturer’s
instructions. Prior to each experiment, cells (cultured for 2 to 7 passages)
were plated, allowed to grow to confluence, and maintained at confluence
for at least 3 days. Some cultures were treated with IFN-� (50 ng/ml) or
with medium alone for 24 h. HUVECs were harvested using cold PBS
containing 5 mM EDTA and were analyzed for expression of HLA-DR by
flow cytometry. The cells were then washed 4 times with RPMI 1640
medium containing 10% FCS and freshly isolated human monocytes la-

beled with carboxyfluorescein succinimidyl ester (CFSE) (Invitrogen)
and were placed in culture with the HUVECs. In some cultures, mono-
cytes were pretreated with the cocktail of CD4-blocking MAbs or with a
cocktail of mouse IgGs for 20 min at 4°C. The cells were then analyzed for
phenotypic marker expression by flow cytometry 2 days following culture.

HIV stocks. Virus was grown in 293T cells from a plasmid encoding
the full-length molecular clone, and viral p24 levels in the supernatant of
plasmid-transduced cells were quantitated by a standard enzyme-linked
immunosorbent assay (ELISA) (Coulter, Hialeah, FL). Viral infectivity
was determined by limiting-dilution titration on CEMx174 cells or phy-
tohemagglutinin (PHA)-stimulated PBMCs.

HIV infection. Primary monocytes were isolated using CD14 mi-
crobeads from human peripheral blood as described above. The cells were
either left untreated (medium only) or treated with sMHC-II for 3 days.
The cells were then washed and treated with medium alone or were in-
fected with the dual-tropic molecular clone HIV-189.6 at an MOI of ap-
proximately 1. The cells were then cultured for 3 additional days and
analyzed by flow cytometry for cell surface marker expression as described
above and for intracellular expression of HIV-1 Gag (p24) by staining
with the KC57 antibody (Becton, Dickinson, San Jose, CA).

HIV attachment assay. Peripheral blood monocytes were purified
from healthy PBMCs by negative selection as described above. The cells
were treated with sMHC-II or with medium alone for 3 days and were
then washed and incubated with CCR5-tropic HIV-1NFN-SX for 3 h at
37°C. The cells were then washed three times with RPMI 1640 medium
containing 10% FCS, and the pellets were lysed with PBS containing 1%
Triton X-100 and analyzed for viral Gag (p24) by ELISA. Experiments
were done in triplicate. For antibody blockade experiments, cells were
treated as described above and preincubated with mouse IgG (10 �g/ml)
(Sigma) or mouse anti-CD209 (10 �g/ml; clone DCN46; eBioscience) on
ice for 10 min before HIV infection and p24 assay (described above).
Experiments were done in triplicate.

Microarray data accession number. The data from this study have
been submitted to the Gene Expression Omnibus (GEO) (http://www
.ncbi.nlm.nih.gov/geo) under accession number GSE32939.

RESULTS
Ligation of CD4 on monocytes by MHC-II induces differentia-
tion into macrophages. CD4 is expressed by peripheral human
monocytes, yet its function on these cells is not fully understood.
To investigate the function of CD4 on human blood monocytes,
we activated cells with either medium alone; the CD4 ligand
sMHC-II (HLA-DR*0401); or known inducers of rapid monocyte
differentiation, IL-15 or GM-CSF (5, 6, 36). The typical purity of
isolated CD14� monocytes was greater than 97%, with the follow-
ing phenotype: CD45� CD4� CD11c� TLR8lo CD16lo CD163	

CD209	 (Fig. 1A). Activation of monocytes via CD4 ligation for
48 h induced the expression of a variety of cell surface markers
typically expressed by rapidly differentiated macrophages (5–7),
including CD163, a scavenger receptor for hemoglobin; CD209
(DC-SIGN), a C-type lectin involved in phagocytosis; and CD16
(Fig. 1B). Treatment of cells with IL-15 induced the development
of CD163lo CD209� and CD163� CD209	 cells, and treatment
with GM-CSF primarily induced CD163� CD209	 cells, similar
to previous reports (5, 37). In contrast to activation via the CD4 –
sMHC-II interaction, we did not observe differentiation of mono-
cytes in response to treatment with sMHC-I (HLA-A*0201) (Fig.
1C). This indicates that the CD4-mediated differentiation of
monocytes into macrophages was not due to nonspecific effects of
the MHC-II tetramer reagent and did not occur through CD4 –
MHC-I tetramer interaction. Activation of CD4 with sMHC-II
also resulted in a dramatic increase in the expression of the pattern
recognition receptor TLR8 compared to the medium control
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(53% versus 10%) (Fig. 1D). Meanwhile, levels of CD11c, CD4,
and CD45 were not significantly different between sMHC-II- and
medium-treated cells (Fig. 1D and E). Expression of these mole-
cules remained constant regardless of the type of stimulation.

To check the specificity of this interaction, we utilized blocking
monoclonal antibodies to CD4 (30, 31, 38). Addition of the CD4-
blocking antibodies dramatically abrogated the induction of
CD209 and TLR8 following sMHC-II activation (Fig. 1B). This
CD4-specific blocking was dependent on the initial concentration
of blocking antibodies and was decreased with serial dilution of
the blocking antibodies (see Fig. S1 in the supplemental material).
However, blocking CD4 did not change CD4 surface levels (Fig.
1D), nor did it inhibit activation via the TLR4 ligand LPS or alter
the phenotype of previously activated cells (see Fig. S2A and B in
the supplemental material). In addition, we detected no expres-
sion of MHC-II ligand lymphocyte activation gene 3 (Lag-3, or
CD223), indicating that the effects observed are not due to MHC-
II–Lag3 interaction (see Fig. S3 in the supplemental material).
Thus, these data strongly suggest that the interaction of CD4 on
the surfaces of monocytes with MHC-II induces phenotypic dif-
ferentiation into macrophages.

MHC-II ligation of monocyte CD4 triggers differentiation
into functional macrophages. An important innate immune
function of macrophages is their ability to efficiently phagocytose
pathogens and cellular debris. We were interested in determining
whether the rapid phenotypic changes induced by CD4 activation
correlated with macrophage functional responses. We initially
compared the pinocytic abilities of macrophages differentiated
through CD4 ligation or through treatment with either IL-15 or
GM-CSF. CD4-mediated differentiation produced macrophages
that had intermediate levels of uptake of LY (Fig. 2A; see Fig. S4A
in the supplemental material). Meanwhile, phagocytosis of fluo-
rescently labeled E. coli was similar under all three activation con-
ditions (Fig. 2B; see Fig. S4B in the supplemental material). Up-
take of fluorescently labeled dextran, which occurs through
pinocytosis and receptor-mediated endocytosis, primarily
through lectin-type receptors (39), was similar for CD4	 and IL-
15-differentiated macrophages (Fig. 2C; see Fig. S4C in the sup-
plemental material). Finally, we compared the abilities of cells to
take up oxidized lipids, a critical function of macrophages in
maintaining cellular and tissue homeostasis through the scaveng-
ing of metabolic by-products. sMHC-II-differentiated macro-
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FIG 1 Ligation of CD4 expressed on human peripheral blood monocytes by
MHC-II triggers macrophage differentiation. (A) Peripheral blood monocytes
were purified by positive selection for CD14 and were examined by flow cy-
tometry immediately following purification prior to stimulation. The num-
bers in each contour plot represent the percentage of cells in each quadrant. (B)

Monocytes were pretreated with mouse IgG antibodies (medium only) or
anti-CD4 blocking antibodies or were left untreated and then stimulated with
medium, sMHC-II, IL-15, or GM-CSF, as indicated, for 2 days. The contour
plots represent flow cytometry analysis of markers of macrophage differenti-
ation. (C) Stimulation with MHC-I does not induce macrophage differentia-
tion. Monocytes were stimulated with medium only (left column), sMHC-II
tetramers (middle column), or sMHC-I tetramers (both obtained from the
NIH Tetramer Core Facility) and analyzed by flow cytometry for markers of
macrophage differentiation 2 days following stimulation. The numbers repre-
sent the percentage of cells in each quadrant. (D) Two-day-stimulated mono-
cytes were further analyzed for TLR8 expression and stable expression of my-
eloid developmental markers. (E) Summary of the changes in phenotypic
marker expression profiles, as determined by flow cytometry and staining for
each indicated marker and compared to monocytes treated with medium only.
The data are a summation of experiments with monocytes derived from at least
seven separate donors. The asterisks indicate changes with statistically signifi-
cant differences (P � 0.05; t test) from medium-only controls. The error bars
represent the standard deviations of the mean.
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phages efficiently took up Dil-oxLDL, and were similar to IL-15-
or GM-CSF-differentiated monocytes (Fig. 2D; see Fig. S4D in the
supplemental material).

We next examined whether the class B scavenger receptor
CD36 was involved in the uptake of Dil-oxLDL (5, 40). We found
that CD36 was more highly expressed on CD4-differentiated mac-
rophages (Fig. 2E; see Fig. S4E in the supplemental material) and
that addition of a CD36-specific monoclonal antibody reduced
the uptake of Dil-oxLDL by approximately 50 to 60% (Fig. 2F; see
Fig. S4F in the supplemental material). Altogether, CD4-mediated
differentiation of human monocytes produced functional macro-
phages with increased phagocytic activity and scavenger receptor
expression.

Increased TLR8 expression following CD4-mediated differ-
entiation modulates innate immune responses. We next wanted
to test the functional relevance of the upregulation of TLR8 during
CD4-mediated differentiation of monocytes. Given that TLR8 is
important for the innate immune system to sense ssRNA, includ-
ing that of HIV (41, 42), we determined whether CD4 –MHC-II-

mediated differentiation of human monocytes enhanced
responses to a TLR8 ligand. CD4–MHC-II-differentiated macro-
phages were activated with a GU-rich sequence of HIV RNA
(ssRNA40) or a control ssRNA (ssRNA41) (41). In response to
activation with ssRNA40, CD4-MHC-II-differentiated macro-
phages produced higher levels of IL-1� and IL-6 and lower levels
of IL-12 than monocytes cultured in medium alone (Fig. 3). In
contrast, activation with the control ssRNA41 did not result in any
significant changes in cytokine production. The increase in TLR8
expression following CD4-mediated differentiation results in cells
with an enhanced ability to modulate cytokines involved in innate
immune responses to HIV following TLR8 activation. These ex-
periments demonstrate that the newly developed macrophage is
functionally capable of responding to TLR8 ligands like HIV.
However, CD4 –MHC-II-mediated differentiation could have ad-
ditional effects in the presence of HIV by allowing virus attach-
ment through increased expression of CD209 and increased infec-
tion of the newly differentiated macrophage (see below). Thus,
despite the cell’s increased ability to respond to viral RNA through
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FIG 2 MHC-II ligation of CD4 on human monocytes differentiates them into functional macrophages. (A to D) Fresh human monocytes, purified by negative
selection, were differentiated for 2 days in the presence of medium only, sMHC-II, IL-15, or GM-CSF and assessed for phagocytic activity, separately, of Lucifer
Yellow (A), fluorescent E. coli (B), dextran-FITC (C), and Dil-oxLDL (D) at the indicated concentrations. The graphs depict the change in the mean fluorescence
intensity (MFI) over cells differentiated in the presence of medium only. (E) CD36 expression levels on CD209� macrophages differentiated for 2 days in medium
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TLR8, HIV could actively subvert the engagement of innate anti-
viral responses following macrophage differentiation.

CD4 ligation by MHC-II on human monocytes results in
modulation of gene expression and cytokine production. In or-
der to gain insight into pathways that may be relevant during
macrophage differentiation following activation through CD4, we
performed microarray analysis of monocytes activated by
sMHC-II treatment. A number of factors known to be involved in
macrophage differentiation and function were observed to be

modulated 24 h following ligation (Fig. 4A). To assess potential
transcriptional control mechanisms of the genes that were mod-
ulated, we performed differential expression analysis of the
microarray data using TELiS (35). We found a significant over-
representation in the incidence of the nuclear factor �B (NF-�B)
(P � 5.15 
 10	5), nuclear factor 1 (P � 0.013), and Ikaros 3 (P �
0.0412) TFBMs in the genes that were modulated following acti-
vation with sMHC-II. The data suggest that these transcription
factors, which are known to function during monocyte/macro-
phage differentiation (43–45), are highly involved in the signaling
and regulation of monocyte differentiation following CD4 liga-
tion by MHC-II.

To confirm the microarray results, we measured cytokine re-
lease following CD4 ligation by sMHC-II on freshly purified
CD14� cells. Multiple factors that were upregulated in the mi-
croarray and implicated in monocyte/macrophage development
were modulated following CD4 ligation (Fig. 4B). In particular,
expression of CXCL1 and CXCL5 was found to be consistently
upregulated by both microarray and cytokine array in our analy-
sis. Of note, we did not see a significant upregulation or down-
regulation of the HIV coreceptor CCR5 or CXCR4 within the time
frame of this experiment. However, it is possible that these
chemokine receptors may be modulated through secondary ef-
fects via the subsequent binding of the cytokines produced follow-
ing the initial stimulation. Altogether, these results indicate that
CD4 expressed by human monocytes has direct functional effects,
modulating gene and cytokine expression following ligation by
MHC-II.

CD4 expressed on human monocytes induces calcium flux
and signal transduction through the ERK/MAPK/NF-�B path-
way following ligation by MHC-II. CD4 activation in T cells oc-
curs primarily through the signaling adapter Lck. Since human
monocytes lack expression of Lck (12), we investigated the direct
intracellular effects of CD4-mediated signaling on primary hu-
man monocytes. Treatment with either sMHC-II, a cross-linking
CD4 monoclonal antibody, or the CD4 ligand cytokine IL-16 (as a
positive control that has been previously shown to induce calcium
flux though CD4 ligation and monocyte migration [46, 47]) re-
sulted in prolonged Ca2� flux (Fig. 4A). This indicated the induc-
tion of secondary-messenger signaling by the CD4 molecule fol-
lowing its ligation on primary human monocytes. This prolonged
Ca2� flux was consistently observed in these experiments and may
represent sustained triggering of this molecular response, similar
to that observed with Ca2� flux induced through CD4 signaling in
the THP-1 cell line (48). Since MAPKs, which include the ERK
family and the p38 MAPK family, are central in the induction of
many monocyte/macrophage differentiation and activation path-
ways (49, 50), we investigated the phosphorylation of these mol-
ecules following CD4 ligation by MHC-II. We observed the phos-
phorylation of ERK1/2 and of the p38 MAPK molecule over time
in cells treated with sMHC-II versus cells treated with medium
alone (Fig. 5B). In addition, we observed increased phosphoryla-
tion of NF-�B following CD4 ligation by MHC-II, correlating
with the activation of NF-�B-associated TFBMs that we had ob-
served in our earlier TELiS-associated microarray data (see
above). We did not, however, observe increased phosphorylation
of STAT3, a central transcription factor associated with the ex-
pression of immune response genes in monocytes/macrophages
and one that often antagonizes NF-�B-mediated gene activation
(51, 52). Altogether, these results indicate that CD4 expressed by
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FIG 3 Functional TLR8 upregulation following CD4	-mediated macrophage
differentiation. Fresh blood monocytes were purified by negative selection and
differentiated for 2 days in the presence of medium only or sMHC-II and then
separately stimulated with either the human TLR8-specific HIV-derived li-
gand ssRNA40 or control ssRNA41 for 24 h. IL-1�, IL-6, and IL-12p70 pro-
duction was measured by cytokine bead array. The data represent the mean
levels of expression of these cytokines from 3 separate experiments, each with
separate donor cells. The error bars represent the standard deviations of the
mean.
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monocytes is functional and that its ligation can lead to the acti-
vation of MAPK-dependent signaling pathways.

CD4-mediated differentiation of human monocytes involves
Src family and MAPK pathways. Given that CD4 ligation leads to
Ca2� flux and ERK1/2 and p38 phosphorylation, we investigated
whether these signaling pathways were involved in mediating the
differentiation of monocytes into macrophages. We utilized
small-molecule signal transduction inhibitors to investigate the
mechanism by which activation through CD4 triggers macro-
phage differentiation. Monocytes were pretreated either with me-
dium alone or with the mitogen-activated protein kinase/extracel-
lular signal-regulated kinase kinase 1 (MEK1) inhibitor PD98059
(53), the MEK1/MEK2 inhibitor U0126 (54), the Src family kinase
inhibitor PP2, the protein kinase C inhibitor BIM (55), or the
protein kinase A inhibitor H89 (56). The cells were then treated
with medium alone or with sMHC-II, and markers of phenotypic
macrophage differentiation were assessed. Inhibition of MEK1/
MEK2 by PD98059/U1026 treatment, which directly inhibits the
phosphorylation and activation of ERK1/2 (57), significantly
blocked CD4-mediated differentiation into macrophages (Fig. 6).
This directly correlates with the ability of CD4 to trigger phos-
phorylation of ERK1/2 and p38 MAPK (Fig. 5), further implicat-
ing this signaling pathway in CD4-mediated macrophage differ-
entiation. In addition, we found that inhibition of Src family
kinases by PP2 treatment significantly inhibited the phenotypic
differentiation of monocytes into macrophages following CD4 –
MHC-II interaction (Fig. 6). In this analysis, differentiation of
cells was assessed by expression of either CD209, CD163, or TLR8
following treatment to simplify the analysis. The differentiation
index represents the relative fold changes of cells expressing any of

the differentiation markers CD209, CD163, or TLR8 (calculated
together), comparing sMHC-II-treated cells with cells that were
treated with medium only. In contrast, treatment with BIM or
H89 did not significantly inhibit the differentiation of monocytes
following CD4 ligation. Together, these data suggest that CD4
activation leads to activation of Src family kinase(s), ERK1/2, and
MAPK-dependent pathways, resulting in the differentiation of
monocytes into macrophages.

MHC-II on HUVECs can ligate CD4 on monocytes and trig-
ger differentiation. A natural ligand for CD4 is MHC-II, which is
expressed on stimulated endothelial cells, including HUVECs, fol-
lowing treatment with IFN-� (58–61). We therefore investigated
whether MHC-II on the surfaces of activated endothelial cells can
ligate CD4 and induce human macrophage differentiation.
HUVECs were either pretreated with IFN-� or left untreated and
washed, and then human monocytes were added to the culture.
We found that IFN-� treatment induced the expression of
MHC-II (HLA-DR) on HUVECs, and this increased expression
correlated with the increased maintenance of CD14 expression on
monocytes following exposure to the endothelial cells (Fig. 7). The
maintenance of CD14-expressing cells was inhibited in cultures
that were pretreated with blocking CD4-specific MAbs, indicating
that the CD4 molecule expressed by monocytes contributed to the
maintenance of the cells (Fig. 7A, summarized in B). Interestingly,
HUVEC cultures pretreated with IFN-� support robust CD14 ex-
pression. However, following activation through CD4 –MHC-II
interaction, the ratio of CD14� CD16� to CD14� CD16	 cells is
lower than that for untreated HUVECs (Fig. 7A). Overall mainte-
nance of CD14� cells, however, is higher in HUVEC cultures pre-
activated with IFN-� (Fig. 7B). Further, we examined the devel-

FIG 4 CD4 ligation by MHC-II modulates gene and cytokine expression. (A) Gene expression modulation following ligation of CD4 on negatively selected fresh
blood monocytes was assessed 24 h following treatment of cells with medium only (	) and cells treated with sMHC-II (�) in 3 separate experiments with cells
from 3 different donors. Genes that were significantly modulated are indicated on the right in order of levels of overall up- or downregulation. (B) The
modulation of secreted cytokine expression was determined by comparison of multiple cytokines in supernatants 48 h following the treatment of cells with
medium only or with sMHC-II. The values represent the average relative fold changes in cells treated with sMHC-II from cells treated with medium alone (set
at a relative value of 1) (n � 3). The error bars represent the standard deviations of the mean.
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opment of cells expressing any of the differentiation markers
CD209, CD163, or TLR8 (calculated together as the differentia-
tion index) and found that the differentiation of these cells was
inhibited in cultures that were pretreated with blocking CD4-spe-
cific MAbs. This indicates that the CD4 molecule expressed by
monocytes contributed to the differentiation of these cells (Fig.
7C). Thus, the interaction of CD4 expressed on monocytes with
MHC-II on endothelial cells results in maintenance of CD14�

cells, as well as facilitating the differentiation of these cells into
macrophages.

CD4 ligation by MHC-II enhances HIV infection of mono-
cytes/macrophages. The majority of circulating monocytes in the
peripheral blood are not susceptible to HIV infection. However,
the virus has been identified in certain populations of cells, par-
ticularly the more mature monocytes and macrophages, which
have increased permissiveness for HIV infection in vivo and in
vitro (17–19, 62–65). We were interested to determine if ligation
of CD4 expressed on blood monocytes through a proinflamma-
tory interaction with MHC-II, which drives monocyte maturation

into macrophages, would increase the susceptibility of blood-de-
rived monocytes to HIV infection. Purified blood monocytes were
either treated with medium alone as a control or with sMHC-II to
drive differentiation. The cells were then treated with cell-free
infectious HIV-1, and productive infection was assessed. sMHC-
II-differentiated cells become infected and express HIV-1 proteins
at higher levels than cells treated with medium alone (Fig. 8A). In
fact, the more mature macrophages, CD209hi, had the greatest
levels of virus-expressing cells. Ligation of CD4 with sMHC in-
creased the ability of the resultant macrophages to become in-
fected with and express HIV approximately 5-fold over treatment
of cells with medium alone (Fig. 8B). This indicates that CD4 –
MHC-II ligation induces macrophage differentiation into cells
that have enhanced ability to bind to and become infected with
HIV. To asses a potential mechanism that allows greater infection
of CD4 –MHC-II-differentiated cells, purified blood monocytes
were treated with medium alone or with sMHC-II and then with
cell-free infectious HIV-1, and virus attachment was assessed. We
found that treatment with sMHC-II triggered macrophage differ-
entiation, and the resultant cells had an increased ability to bind
and retain virus following exposure (Fig. 8C). We examined
whether this was due to binding of HIV by increased expression of
CD209. We found that HIV binding was significantly reduced by
pretreating cells with a mouse anti-human blocking CD209 anti-
body versus pretreating cells with mouse IgG (control), indicating
that the increased levels of HIV binding following MHC-II-in-
duced differentiation were largely due to increased expression of
CD209. In sum, these results suggest that circulating monocytes
can be triggered to become more susceptible to infection with HIV
in HIV-infected individuals at sites of inflammation and that the
CD4 –MHC-II interaction is a potential mechanism that can con-
tribute to greater numbers of HIV-infected macrophages and can
allow greater sequestration of virus through binding of newly in-
duced CD209.
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FIG 5 CD4-mediated signal transduction in negatively selected fresh hu-
man monocytes. (A) Ca2� flux following CD4 ligation on human mono-
cytes. Freshly isolated human monocytes were labeled with Fluo-4 and then
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ionomycin (positive control), cross-linked CD4-specific monoclonal anti-
bodies (XL-CD4 MAb), sMHC-II, or IL-16. They were immediately mea-
sured for Ca2� flux by flow cytometry and analyzed for fluorescence of
Fluo-4 (y axis) for the indicated time (x axis) following stimulation. (B)
Phosphorylated p38 MAP kinase (pp38MAPK), ERK1/2 (pERK1/2),
NF-�B (pNF-�B), and STAT3 (pSTAT3) were assessed in cells treated with
medium only (dashed lines) and cells treated with sMHC-II (solid lines) 5,
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FIG 6 Inhibition of CD4-mediated signal transduction inhibits MHC-II-di-
rected macrophage differentiation. Blood monocytes purified by negative se-
lection were pretreated with medium only, PP2 (SRC family kinase inhibitor),
PD98059 (MEK/MAPK 1 inhibitor), U0126 (MEK1/MEK2/MAPK inhibitor),
bisindolylmaleimide (protein kinase C inhibitor [PKCi]), and H89 (protein
kinase A inhibitor [PKAi]) and then subjected to stimulation with medium
only or with sMHC-II. The differentiation index represents the fold changes in
the percentages of cells expressing any of the differentiation markers CD209,
CD163, or TLR8 following sMHC-II ligation compared to cells treated with
medium only. The error bars represent the standard deviations of the mean
(n � 3). Statistically significant differences from untreated cells stimulated
with sMHC-II (P � 0.05; t test) are indicated by asterisks.

CD4 Function on Human Monocytes

September 2014 Volume 88 Number 17 jvi.asm.org 9941

http://jvi.asm.org


DISCUSSION

Peripheral blood monocytes are a heterogeneous population of
cells that essentially “patrol” the blood vessels for signals that ini-
tiate their effector or differentiation potential (1–3). Many soluble
triggers, including cytokines and PAMPs, have been identified
that influence the ability of a monocyte to differentiate into a
macrophage or dendritic cell (6, 66). We have identified a novel
differentiation pathway mediated by the activation of CD4 ex-
pressed on peripheral monocytes. Macrophages derived from
CD4-mediated differentiation expressed the C-type lectin CD209,
the scavenger receptor CD163, the Fc receptor CD16, and/or the
pattern recognition receptors CD14 and TLR8 and were efficient
at phagocytosis. Therefore, given that MHC-II is expressed by
activated B cells, DC, thymic epithelial cells, and activated T cells
at sites of tissue inflammation or damage (29, 67), our data suggest
that monocytes, which express CD4, could encounter MHC-II at
sites of blood vessel egress or at sites of antigen reactivity, leading
to their differentiation into a macrophages. These data also dem-
onstrate a novel function for the CD4 molecule on human periph-
eral monocytes.

Following ligation of CD4 on peripheral monocytes, we ob-
served increased protein expression of the proinflammatory cyto-
kines leptin and IGF-1, as well as the chemokines CXCL1, CXCL5,
CXCL6, CCL26, CCL1, CCL9, and CCL13, and decreased expres-
sion of IL-4, IL-15, and IFN-�. In inflammatory diseases, such as
atherosclerosis, macrophages are found in abundance at athero-
sclerotic lesions and are believed to significantly contribute to the
development of disease (68). Based on our observations, the in-
teraction of CD4 on circulating monocytes with MHC-II ex-
pressed by activated endothelium could be a potential mechanism
of monocyte activation and subsequent plaque formation or re-
cruitment to tissues at the site of inflammation (50, 68). The mod-
ulated expression of many of these proinflammatory cytokines
following CD4 –MHC-II interaction could serve to promote other
types of inflammatory responses and subsequent macrophage de-
velopment.

The increase in expression of pattern recognition receptors
such as intracellular TLR8 suggests that CD4 –MHC-II stimula-
tion of monocytes potentiates these cells for activation by second-
ary signals. We demonstrated that activation of CD4-differenti-
ated cells with ssRNA40 resulted in increased secretion of IL-1�
and IL-6, important cytokines for driving Th17 differentiation. In
addition, CD4 activation leads to highly phagocytic cells, as dem-

FIG 7 Endothelial cell activation of MHC-II results in CD4-mediated macro-
phage differentiation. HUVEC monolayers were stimulated either with me-
dium only (top row) or with medium containing IFN-� (bottom row) for 24 h.
The histograms in the left column display the levels of MHC-II (HLA-DR)
expression following 24 h of stimulation. Freshly purified human blood
monocytes, isolated through negative selection, were labeled with CFSE and
then pretreated either with mouse IgG or with anti-CD4 blocking antibodies
for 30 min. The HUVECs were then washed, and the pretreated monocytes
were placed in the cultures. (A) Macrophage differentiation was assessed in
cultures 48 h following the initiation of the HUVEC-monocyte cultures by
flow cytometry and gating on CFSE� cells (to distinguish added monocytes
from HUVECs) for expression of CD14 and CD16 in cells pretreated with
mouse IgGs (middle column) and with cells pretreated with CD4-blocking

monoclonal antibodies (right column). Total mature CD14� cells, including
CD14� and CD14� CD16� cells, are highlighted by the box gate, and the
percentage of cells within each box gate is provided within the gate. The addi-
tional numbers denote the percentages of cells within each gate. The data are
from one representative experiment out of five. (B) Mean percentages (n � 5)
of CFSE� cells expressing CD14. The asterisks indicate statistically significant
differences between the indicated groups (P � 0.05; t test; N.S., not signifi-
cant). (C) Macrophage differentiation induced by CD4-HUVEC ligation.
CD14� cells were treated with mouse control IgG or with anti-CD4 blocking
MAbs and then with HUVECs or HUVECS pretreated with IFN-�. The cells
were then assessed by flow cytometry, and the fold changes in the percentages
of cells expressing any of the differentiation markers CD209, CD163, or TLR8
following sMHC-II ligation compared to cells treated with medium only were
calculated as the differentiation index (n � 3). The error bars represent the
standard deviations of the mean. The asterisks indicate statistically significant
differences between the indicated groups (P � 0.05; t test; N.S., not signifi-
cant).
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onstrated by the ability of these macrophages to phagocytose inert
particles, E. coli, and Dil-oxLDL. Our data indicate that the in-
crease in phagocytosis is likely to occur through the upregulation
of scavenger receptors, including CD36 (69). Therefore, CD4 ac-
tivation triggers monocytes to differentiate into macrophages that
contribute to two key innate immune functions, cytokine secre-
tion and phagocytosis.

An important aspect of CD4 is its ability to signal, which in T

cells occurs via Lck. In contrast, monocytes lack expression of Lck,
and thus, the mechanism of CD4 signaling in these cells is unique
(70). Importantly, we have identified a Src and MAPK family-
dependent pathway in human monocytes following CD4-medi-
ated activation and differentiation. Our results indicate that CD4-
mediated intracellular signal transduction occurs through Src
family kinase(s) and MEK1/2 to result in cellular differentiation,
as inhibition of these pathways blocks this effect. MEK1/2 has
been demonstrated to catalyze the phosphorylation of ERK1 and
ERK2, which leads to subsequent phosphorylation and activation
of p38 MAPK (49, 57). We observed increased phosphorylation of
ERK1/2 and p38 following ligation of CD4 expressed by mono-
cytes with MHC-II, which correlates with the further activation of
this pathway in CD4-mediated macrophage differentiation. We
also observed increased phosphorylation of NF-�B and increased
expression of genes containing NF-�B TFBMs. The activation of
NF-�B and the lack of STAT3 transcription factor activation sug-
gest a possible antagonism or skewing resulting from CD4-medi-
ated differentiation (52). Activation of monocytes via CD4 also
triggers a robust Ca2� flux, which is consistent with results from
studies of the monocytic THP-1 cell line (48). Studies have also
identified a putative association between CD4 and the Src family
kinase Hck, which is expressed in monocytes but not T cells (9).
Further, another CD4 ligand, IL-16, can activate stress-activated
protein kinase (SAPK) and MAPK pathways in CD4� macro-
phage lines (71). However, IL-16 may have other cellular recep-
tors than the CD4 molecule on monocytes (72).

The increased ability of monocytes to bind HIV through
CD209 and to subsequently become infected following CD4-trig-
gered differentiation has potential implications in HIV disease.
HIV infection is associated with increased global immune activa-
tion and increases in cardiovascular disease (73, 74). HIV infec-
tion results in dramatic upregulation of a variety of factors that
enable vascular inflammation, which would consequently up-
regulate MHC-II expression by the exposed vasculature. CD4 li-
gation could trigger macrophage differentiation at sites of inflam-
mation, upregulate CD209 expression, and contribute to plaque
formation. Our data suggest that this would enable virus trapping,
which could permit further transfer of virus to neighboring cells,
as well as facilitate direct infection of these newly differentiated
macrophages, further contributing to viral reservoirs and HIV
persistence. Increased monocyte activation is also observed in
HIV-infected individuals, and the association with increased car-
diovascular disease is unclear (73). However, increased vascular
inflammation coupled with increased monocyte activation
through CD4 is a potential mechanism.

In sum, we have identified a unique role for the CD4 molecule
on human monocytes: mediating the differentiation of monocytes
into macrophages. This significantly differs from its well-defined
role in CD4� T helper cells as a cofactor in T cell receptor-medi-
ated cellular activation (75, 76). Our results provide insight into a
nontraditional role of the CD4 molecule when expressed by an
innate immune cell versus an adaptive immune cell. These studies
set the stage for further examination of an in vivo role of CD4
expression on monocytes and the consequences of this expression
in inflammatory diseases and HIV infection. Since CD4 cell sur-
face expression on macrophage lineage cells is species specific, our
studies suggest that the events leading to activation of macro-
phages and innate immune responses may differ between humans
and rodents. Careful extrapolation of these effects on human

FIG 8 Macrophage differentiation triggered by CD4 enhances HIV infection.
(A) Infection and expression of HIV following differentiation. Intracellular
expression of HIV p24 gag (x axis) and extracellular expression of CD209 (y
axis) were determined by flow cytometry 3 days after treatment with medium
alone (left; autofluorescence control) or with HIV (middle and right). The data
are representative of six separate experiments. (B) Increased expression of HIV
following differentiation of cells by sMHC-II. The expression of HIV in differ-
entiated cells was assessed by flow cytometry 3 days following treatment/infec-
tion (n � 6 experiments). The asterisk indicates that treatment was statistically
significantly (t test following logarithmic transformation; P � 0.05) different
from treatment with medium only. The range of viral expression was 0.22% to
1.7% in cells treated with medium only and 0.68% to 15.7% in sMHC-II-
treated cells; the variation was donor dependent. (C) sMHC-II differentiation
increases HIV attachment, and pretreatment of cells with anti-CD209 blocks
virus attachment. Purified, negatively selected blood monocytes pretreated
either with mouse IgG (control) or with anti-CD209 blocking antibody, as
indicated, were then treated with medium alone or sMHC-II for 2 days. The
cells were then exposed to cell-free infectious HIV-1 and subsequently washed
and assessed for HIV binding by ELISA of cell lysates. The values represent the
fold increase in virus binding compared to IgG and medium-only control (left
bar). The graph depicts the means of 3 total experiments. The asterisks indicate
statistically significant differences (t test; P � 0.05) under the compared con-
ditions.
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monocytes and the uniqueness of these cells can provide a basis for
the understanding of the overall role of CD4 in human immunity.
Finally, this understanding could be useful in the development of
a therapeutic approach that targets this molecule in monocyte-
related disorders and in HIV infection.
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