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Abstract
Macrophages and CD4+ lymphocytes are the major reservoirs for HIV-1 infection. CD63 is a
tetraspanin transmembrane protein, which has been shown to play an essential role during HIV-1
replication in macrophages. In this study, we further confirm the requirement of CD63 in early
HIV-1 replication events in both macrophages and a CD4+ cell line. Further analysis revealed that
viral attachment and cell-cell fusion were unaffected by CD63 silencing. However, CD63-depleted
macrophages showed a significant decrease in the initiation and completion of HIV-1 reverse
transcription, affecting subsequent events of the HIV-1 life cycle. Integration of HIV-1 cDNA as
well as the formation of 2-LTR circles was notably reduced. Reporter assays showed that CD63
down regulation reduced production of the early HIV protein Tat. In agreement, CD63 silencing
also inhibited production of the late protein p24. These findings suggest that CD63 plays an early
post-entry role prior to or at the reverse transcription step.
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INTRODUCTION
Macrophages and CD4+ T lymphocytes are major target cells for HIV-1 infection and
replication, and play critical roles in multiple aspects of viral pathogenesis. Numerous host
determinants have been identified that facilitate HIV-1 replication by performing essential
steps of the viral life cycle from viral entry to egress (Bergamaschi et al., 2010). A recent
large-scale siRNA screen revealed over 250 host factors that participate in a broad array of
cellular functions and implicate new pathways in the HIV life cycle (Brass et al., 2008). HIV
encodes only 15 proteins and thus must take advantage of multiple host cell functions for
productive infection (Brass et al., 2008). HIV uses a CD4 receptor (Klatzmann et al., 1984),
as well as CCR5 and CXCR4 co-receptors (Feng et al., 1996; Dragic et al., 1996) for entry
into the host cells. Upon membrane fusion, the viral core containing the viral nucleocapsid
along with HIV RNA, reverse transcriptase, integrase, protease, and viral accessory proteins
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is released into the cytoplasm. Uncoating involves viral proteins as well as a variety of host
factors that promote dissociation of the matrix protein from the plasma membrane (Aiken,
2006). After uncoating, reverse transcriptase converts viral RNA into DNA which is then
transported across the nucleus and integrates into host chromosome. HIV genes are
transcribed using host enzymes, and viral mRNA is transported outside the nucleus, and is
used as a blueprint for producing new HIV proteins and enzymes. Some studies have
reported reverse transcription to be largely associated with cellular enzymes or cofactors in
vitro (Hooker and Harrich, 2003; Warrilow et al., 2008, 2010). HIV integration and proviral
transcription also require the use of host cell factors (Goodarzi et al., 1999; Greene, 1991).
Following viral gene expression, the cellular GTPase Rab9 facilitates trafficking of viral
proteins from the late endosome to the trans-Golgi (Murray et al., 2005). HIV assembly and
release utilizes TSG101 and the Endosomal Sorting Complexes Required for Transport
(ESCRTs), a network of cellular factors that sort proteins and facilitate HIV budding (von
Schwedler et al., 2003; Morita et al., 2004).

Historically, all antiretroviral treatments targeted viral proteins. More recently, however,
FDA-approved Maraviroc® (Selzentry) and Aplaviroc® (GlaxoSmithKline) are the first
antiretroviral drugs that target a cellular gene CCR5 co-receptor, and have been
demonstrated to be effective and shown to cause less resistance among HIV phenotypes than
previous generations of drugs (Reeves and Peifer, 2005; Hughes et al., 2008). Like CCR5,
CD63 is another cellular protein that may represent an important new therapeutic target for
the development of antiretroviral drugs.

CD63 is a type II cellular membrane protein and belongs to the tetraspanin superfamily
(Stipp et al., 2003; Hemler, 2005). It has been reported that CD63 incorporates into HIV-1
virions (Chertova et al., 2006; Pelchen-Matthews et al., 2003; Sato et al., 2008) and
colocalizes with HIV-1 Env and Gag proteins in HIV-1 producing cells (Raposo et al., 2002;
Pelchen-Mathews et al., 2003; Grigorov et al., 2006; Jolly et al., 2007; Perlman and Resh,
2006). In addition, CD63 has been shown to be associated with tetraspanin-enriched
mircrodomains (TEMs) that act as the gateway for HIV-1 budding at the plasma membrane
(Nydegger et al., 2006).

We have previously demonstrated a role for CD63 in HIV-1 infection events in
macrophages and a CD4+ cell line. Our earlier studies showed that anti-CD63 monoclonal
antibody treatment 30 min prior to and during infection markedly reduced HIV replication in
macrophages (von Lindern et al., 2003). Inhibition was shown to occur during early
infection, suggestive of involvement in virus entry or reverse transcription. Our more recent
studies confirm the requirement of CD63 in HIV-1 replication by pretreatment with CD63-
specific siRNA in both macrophages and a CD4+ cell line (Chen et al., 2008). In this study,
we investigated the role of CD63 during sequential steps of the HIV-1 replication cycle
including viral attachment, cell-cell fusion, reverse transcription, integration, and early and
late viral protein expression in both human monocyte-derived macrophages (MDMs) and
CD4+ U373-MAGI-CCR5 cells. These studies revealed that CD63-depleted macrophages
showed a significant decrease in the initiation and completion of HIV-1 reverse
transcription, affecting subsequent events of the HIV-1 life cycle. However, events prior to
reverse transcription including viral attachment and cell-cell fusion were not affected. These
findings further support a role for CD63 in an early, post-entry event of the HIV-1
replication cycle, particularly prior to or at the reverse transcription step.
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RESULTS
CD63 mRNA down regulation by siRNA in human MDMs and U373-MAGI-CCR5 cells

To confirm the down regulation of CD63 by siRNA in MDMs and U373-MAGI-CCR5
cells, mRNA was extracted and analyzed by quantitative reverse transcriptase PCR (qRT-
PCR). CD63 mRNA expression was silenced by >90% or >95% following CD63 siRNA
transfections of MDMs and U373-MAGI-CCR5 cells, respectively (Fig. 1A and B). CD63
mRNA was not significantly reduced by transfections of other siRNAs (CD4, ERBB2IP) or
FDA approved HIV-1 inhibitors (AZT, RT inhibitor; Raltegravir, integrase inhibitor) used
throughout this study indicating specificity for CD63 siRNA down regulation in both
MDMs and U373-MAGI-CCR5 cells. ERBB2IP siRNA was used as a cellular target
negative control, as our previous studies showed that silencing ERBB2IP does not inhibit
HIV-1 (Murray et al., 2005). Western blot analysis revealed that CD63 protein expression
was significantly reduced in CD63-siRNA transfectants compared to the cells transfected
with control siRNAs or non-transfected cells (data not shown), consistent with our previous
findings (Chen et al., 2008).

CD63 down regulation affects HIV-1 production in human MDMs and U373-MAGI-CCR5
cells

To gauge the effect of CD63 down regulation on viral production, MDMs and U373-MAGI-
CCR5 cells were transfected with various specific siRNAs or ERBB2IP control siRNA, or
were treated with the integrase inhibitor raltegravir, followed by HIV-1 SX infection 48 h
post-transfection. HIV-1 SX virus production was assessed in culture supernatants by p24
ELISA at 7 days post-infection of MDMs (Fig. 2A) or at 5 days post-infection of U373-
MAGI-CCR5 cells (Fig. 2B). As shown in Fig. 2A and B, virus production in both cell types
was significantly reduced following CD63 or CD4 silencing, or raltegravir treatment
compared to ERBB2IP siRNA transfected cells. (P<0.05). Similar results were also
observed in MDMs lysates (Fig. 2C), where intracellular HIV-1 SX p24 production was
dramatically reduced by silencing CD63, to the same extent as the CD4 siRNA control
group.

Anti-CD63 shows no inhibition of HIV-1 attachment to human MDMs
Because CD63 silencing affects HIV-1 replication, we looked systematically at the effect of
CD63 inhibition at successive stages within the HIV-1 replication cycle. Since antibody-
mediated neutralization of HIV-1 has been shown to inhibit virus-receptor binding, and
interfere with events after binding (Ugolini et al., 1997), we investigated the effect of CD63
on HIV-1 attachment by virus-cell binding assay using anti-CD63. Here we showed soluble
monoclonal antibodies to CD63 and control monoclonal antibody CD82 did not inhibit the
adsorption of HIV-1 SX to MDMs (Fig. 3), however, soluble CD4 monoclonal antibody
showed dramatic inhibition of virus binding compared to those of anti-CD63, anti-CD82 and
virus only (P<0.01). In contrast, the anti-CD63 antibody showed no inhibition of HIV-1
binding to MDMs, suggesting that CD63 has no effect on viral attachment of MDMs.

CD63 has no effect on cell-cell fusion
Since CD63 is not required for virus attachment (Fig. 3), the subsequent step after binding in
the HIV life cycle is to assess virus entry. We therefore tested any potential role for CD63 in
virus entry using cell-cell fusion assay by co-culturing HL2/3 cells, which express Tat and
HIV receptor Env proteins gp41 and gp120, with U373-MAGI-CCR5 cells. HIV Env
proteins on HL2/3 cells interact with primary receptor CD4 and co-receptor CCR5 on U373-
MAGI-CCR5 cells, prompting cellular fusion via the same mechanism used by HIV; upon
fusion, Tat activates β-gal expression. Decreased CD63 levels had no effect on β-gal
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activity, whereas decreased CD4 and CCR5 levels correlated with diminished β-gal activity,
consistent with inhibition of viral fusion inhibitor drug T-20 (Fig. 4). Together, these data
suggest that CD63 has no effect on viral entry of U373-MAGI-CCR5 cells.

CD63 down regulation affects HIV-1 reverse transcription in human MDMs and U373-MAGI-
CCR5 cells

In order to clarify whether CD63 may be required for HIV-1 reverse transcription, small
non-genomic DNA was isolated from control- and CD63 siRNA-transfected MDMs or
U373-MAGI-CCR5 cells at 24 h post-infection with HIV-1 SX for quantification by real
time PCR. As shown in Fig. 5A and C, CD63 silencing affected formation of full length
HIV-1 cDNA, which decreased by approximately 55% in CD63-deficient MDMs and 75%
in CD63-deficient U373-MAGI-CCR5 cells, compared to those transfected with control
siRNA ERBB2IP or untransfected cells (P<0.05). In addition, we measured the formation of
strong stop DNA, which is the first piece of DNA (147 bp) synthesized during the initiation
of reverse transcription. HIV strong stop DNA formation (Fig. 5B and D) decreased by
approximately 65% in CD63-deficient MDMs and 80% in CD63-deficient U373-MAGI-
CCR5 cells, compared to those transfected with ERBB2IP or virus infection only (P<0.01).
Inhibition of strong stop DNA formation is consistent with our earlier studies, in which
MDMs were pretreated with anti-CD63, followed by HIV-1 infection (von Lindern et al.,
2003). Full length viral DNA formation was not detected in cells treated with the reverse
transcription inhibitor AZT (Fig. 5A and C), whereas viral strong stop formation was
evident in cells treated with AZT (Fig. 5B and D). As expected, AZT does not inhibit strong
stop formation, only full length HIV DNA (Arts and Wainberg, 1994). Collectively, these
data indicate that CD63 serves a critical post-entry role early in the HIV life cycle either
before or during reverse transcription strong stop DNA formation, at a step upstream of
AZT. Sequential steps following reverse transcription in the HIV life cycle were assessed to
determine if steps downstream of reverse transcription were impaired by CD63 silencing.

Decreased integration of HIV-1 cDNA in both CD63 deficient human MDMs and U373-MAGI-
CCR5 cells

To address the effects of CD63 for proviral DNA integration, genomic DNA was isolated
from cells post infection with HIV-1 SX. Quantitative real-time PCR was used to quantify
differences in HIV-1 SX integration between control cells (ERBB2IP- or CD4-siRNA
transfectants; AZT and raltegravir treated cells; virus infection only or cell only) and CD63-
siRNA transfected cells. Down regulation of CD63 resulted in significantly reduced
amounts of integrated HIV-1 cDNA in both MDMs (Fig. 6A) and U373-MAGI-CCR5 cells
(Fig. 6B) (P<0.01).

CD63 down-regulation does not induce HIV-1 2-LTR circle formation
To determine if CD63 expression is necessary immediately prior to viral integration, small
non-genomic DNA was isolated from CD63-deficient cells after infection to quantify
formation of 2-LTR circles. The cDNA circularizes to form 2-LTR circles if it does not
integrate into the cellular genome (Bukrinsky et al., 1993; Farnet et al., 1991), and these 2-
LTR circles can be quantified using real-time PCR. As shown in Fig. 6, down regulation of
CD63 did not induce 2-LTR circle formation in either MDMs (Fig. 6C) or U373 cells (Fig.
6D). As expected, 2-LTR circles were dramatically formed in the cells treated with the
integrase inhibitor raltegravir. These results strongly suggest that CD63 affects the HIV-1
replication cycle preceding integration.
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Inhibition of HIV-1 Tat activity following CD63 down regulation
To determine if CD63 plays a role in early HIV-1 protein production, U373-MAGI-CCR5
cells were used in a β–galactosidase reporter gene assay to gauge the effect of CD63
silencing on Tat function. The LTR-HIV promoter controls expression of β–galactosidase
induced by production of HIV Tat. U373-MAGI-CCR5 cells were transfected with various
specific siRNAs or control siRNA, or were treated with raltegravir, followed by HIV-1 SX
infection 48 h after transfection. Cells were cultured for 72 h, lysed, and then exposed to a
luminescent β–gal substrate, and expressed as relative light units (RLU) (Fig. 7). In
agreement, we also observed that Tat activity was dramatically inhibited to background
levels in CD63 siRNA-transfectant to the same extent as siRNA specific for CD4 when
compared to ERBB2IP control siRNA-transfectant or cells exposed to virus infection only
(P<0.01). These data strongly indicate that CD63 supports HIV-1 replication at a step prior
to gene expression.

DISCUSSION
Extensive studies have revealed that HIV-1 exploits multiple host proteins during infection
(Bergamaschi et al., 2010; Brass et al., 2008; Kumar et al., 2008; Bouazzaoui et al., 2006;
Hamamoto et al., 2006; Stremlau et al., 2004; Krishnan and Zeichner, 2004). These proteins
participate in a broad array of cellular functions and implicate different pathways in the viral
life cycle. However, the mechanisms by which these proteins play relevant roles in HIV-1
pathogenesis are subjects of continued exploration.

In this study, we revealed the role of CD63 during sequential steps of the HIV-1 replication
cycle which include viral attachment, viral entry (cell-cell fusion), reverse transcription,
integration, early/late viral protein formation, and virion release from infected human
MDMs and U373-MAGI-CCR5 cells. We found that CD63 was required for efficient HIV-1
reverse transcription and subsequent steps from integration to egress. However, entry
mechanisms including cell membrane docking and cell-cell fusion life cycle steps that
precede HIV-1 reverse transcription were unaffected. In all cases, the down regulation of
CD63 via specific siRNA significantly reduced HIV-1 replication in both cell types,
suggesting that CD63 is associated with a common mechanism in early events of the HIV-1
life cycle, specifically at a step preceding or at reverse transcription. Since our observation is
an early post-entry step, it is possible that HIV-1 may be linked to an intracellular signaling
event involving CD63. CD63 has been shown to induce signaling through tyrosine-
dependent interaction of its carboxyterminal cytoplasmic tail with the AP-3 adaptor subunit
(Rous et al., 2002). In addition, when HIV-1 gp120 binds to CD4 and CCR5 on the surface
of macrophages, it has been shown to induce phosphorylation of receptor tyrosine kinases
such as p56Lck, which in turn activates the Raf/MEK/ERK and PIP3 kinase pathways and
intracellular calcium channels (Popik and Pitha, 1996), implying that an intracellular
signaling route is likely to be important for the HIV-1 life cycle. However, it is not clear
how HIV-1 is linked to CD63 signaling, which still remains to be explored.

Although recent studies (Ruiz-Mateos et al., 2008; Krementsov et al., 2009) showed that
CD63 expression is not required for either the production or the infectivity of HIV-1,
numerous studies have reported that CD63 incorporates into HIV-1 virions and have the
potential to interfere with viral infection (Chertova et al., 2006; Pelchen-Matthews et al.,
2003; Sato et al., 2008; Raposo et al., 2002; Grigorov et al., 2006; Jolly and Sattentau, 2007;
Perlman and Resh, 2006; Nydegger et al., 2006). Our previous studies (von Lindern et al.,
2003; Chen et al., 2008) demonstrated that CD63 plays an important supportive role in
HIV-1 replication in macrophages. Although controversial data have been published in the
last few years concerning effects of CD63 on HIV-1 replication in macrophages and other
cell types, it is possible that this effect may be dependent on the cell type, viral strain, and
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virus concentration. Even though MDMs display a great heterogeneity in their capacities to
replicate HIV-1, depending on the donors (up to a 3 log difference in viral production) (Bol
et al., 2009; Eisert et al., 2001; Chang et al., 1996), we performed experiments in
macrophages from several different donors as well a CD4+ cell line, infecting with HIV-1
R5 virus strain, and our results consistently present similar outcomes.

Understanding the virus-host interactions that lead to limited HIV replication in these cell
types can be a powerful tool to identify molecular mechanisms of innate/intrinsic restriction
of HIV replication. A key pharmacological strategy for treating individuals living with HIV
has been to simultaneously target multiple virus-encoded enzymes required for replication to
overcome emergence of drug resistance. Our laboratory has pursued an alternate strategy by
identifying host factors, such as CD63, that are required for HIV-1 replication, as HIV-1
should be less likely to evolve resistance to drugs targeting cellular proteins.

In conclusion, we have revealed that CD63 plays an essential role in an early, post–entry
event of the HIV-1 replication cycle, particularly prior to or at the reverse transcription step.
Whether CD63 interacts directly with HIV or indirectly, by altering host dependent factors
potentially required for reverse transcription, remains to be determined. In addition, a recent
study (Lin et al., 2008) showed that expression of CD63 activates protein tyrosine kinase
(PTK) and enhances the PTK-induced inhibition of ROMK channels. Thus, the role of
CD63 in affecting the HIV-1 replication cycle induced by the stimulation of the PTK
pathway is unknown and further research is needed to gain insight into the molecular
signaling mechanisms, including CD63, PTK and viral proteins that possibly facilitate early
events in the HIV replication cycle.

MATERIALS AND METHODS
Cells and culture conditions

U373-MAGI-CCR5 cells (obtained from NIH AIDS Research and Reference Reagent
Program, and contributed by Drs. Michael Emerman and Adam Geballe), are a cell line
derived from a glioblastoma that has been modified by stable transfection of LTR-β-
galactosidase which is transactivated by HIV Tat protein during virus replication
(Harrington and Geballe, 1993; Vodicka et al., 1997). U373-MAGI-CCR5 cells express
CD4 and human chemokine receptor CCR5 on the cell surface, which allow infection by
HIV R5 strains (Vodicka et al., 1997). U373-MAGI-CCR5 cells were propagated in
Dulbecco’s modified Eagle’s (DMEM) (Gibco, CA) supplemented with 10% fetal bovine
serum (Hyclone, IL), 0.2 mg/ml G418, 0.1 mg/ml hygromycin B, and 1.0 μg/ml puromycin.
For infection experiments, U373-MAGI-CCR5 cells were maintained in 90% DMEM, 10%
fetal bovine serum, and 1% penicillin/streptomycin (Sigma, MO).

HL2/3 cells (NIH AIDS Research and Reference Reagent Program, kindly contributed by
Dr. Barbara K. Felber and Dr. George N. Pavlakis) were generated by cotransfection of
HeLa cells with the plasmids pHXB2/3gpt, pSV2neo and selected in geneticin (G418).
HL2/3 cells were selected on the basis of high-level production of Gag, Env, Tat, Rev, and
Nef proteins. Co-cultivation with the CD4 producing cell line results in efficient cell fusion
within 6–12 hours. Human embryonic kidney (HEK) 293T cells were purchased from
Invitrogen. Both HL2/3 cells and 293T cells were maintained in DMEM supplemented with
10% fetal bovine serum, 1% non-essential amino acids (Sigma) and 1% penicillin/
streptomycin.

MDMs were purified from healthy human PBMCs by adherence to plastic tissue culture
dishes as described previously (O’Brien et al., 1990). Briefly, PBMCs were purified by
Ficoll-Hypaque centrifugation from buffy coats of healthy HIV-negative blood donors
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prepared by the UTMB Blood Bank (Galveston, TX). MDMs were obtained by adherence
for 6 days to plastic Petri dishes initially coated with human AB serum (Rich et al., 1992).
During differentiation, macrophages were cultured in Iscove’s modified Dulbecco’s medium
(IMDM) supplemented with 20% FCS; 1% L-glutamine and 1% Penicillin/Streptomycin.

Viruses
HIV-1 SX, which is a chimeric R5-tropic virus encoding the majority of the HIV-1 JRFL
envelope protein in an HIV-1NL4–3 backbone, were purchased from the Virology Core
Facility, Center for AIDS Research at Baylor College of Medicine, Houston, TX. In all
experiments, MDMs and U373-MAGI-CCR5 cells were infected with HIV-1 SX (m.o.i. =
0.02).

siRNA transfections and infectivity assay
The CD63- and CD4-specific target siRNAs were designed and synthesized by Dharmacon
(Lafayette, CO), ERBB2IP non-HIV specific siRNA served as a negative control in each
experiment. The target sequences for siGENOME SMARTpool siRNA of CD63 includes
D-017256 (01-GAGAUAAGGUGAUGUCAGA; 02-AAGGAGAACUAUUGUCUUA; 03-
GGAUUAAUUUCAACGAGAA; 04-GAUGGAGAAUUACCCGAAA). The target
sequences for siGENOME SMARTpool siRNA of CD4 includes D-005234 (01-
GAACUGACCUGUACAGCUU; 02-AAUCAGGGCUCCUUCUUAA; 03-
GAAGAAGAGCAUACAAUUC; 18-AUUACCAAGUGCCGGACUA); The target
sequences for siGENOME SMARTpool siRNA of ERBB2IP includes D-031861 (01-
UGAAACAGCUCACAUAUUU; 02-UGUGAAAUCUCAUAGCAUA; 03-
CGAAGAGCCAAAUAUAAUA; 04-CCAAACGACCGACUUAUUC). siRNAs
transfections were performed using oligofectamine (Invitrogen, CA) following the
manufacturer’s instructions. In brief, MDMs adherent for 5 days were plated in 24-well
plates (5 × 105 cells/well), and transfected with 50 nM siRNAs using oligofectamine in
serum-free Opti-MEM I medium (Gibco) 24 h after plating. Cells were maintained in
Iscove’s medium and 20% FCS after 4 h to terminate transfection. In order to measure down
regulation of target genes, cells were lysed by cell lysis buffer (Promega, WI) and lysates
were collected for Western blot analysis, or RNA was extracted for real time quantitative
PCR analysis at 2 days post-transfection. U373-MAGI-CCR5 cells were transfected in 24-
well plates (1 × 105 cells/well), using oligofectamine and 50 nM siRNAs (final
concentration in supernatants). Subsequently, cells were fed with DMEM with 10% FCS
after 4 h to terminate transfection, followed by detection of proteins or target genes down
regulation as described above.

Forty eight hours post-transfection, MDMs or U373-MAGI-CCR5 cells were infected with
HIV-1 SX (m.o.i. = 0.02). Culture supernatants or cell lysates were harvested for p24
detection on day 5 post-infection in U373-MAGI-CCR5 cells, and on day 7 post-infection in
MDMs using p24 Capture ELISA kit (ImmunoDiagnostics, Woburn, MA).

In order to assess Tat protein expression, U373-MAGI-CCR5 cells were lysed on day 3
post-infection, and analyzed for β–galactosidase activity using the Beta–Glo Assay System
(Promega) and a Dynex MLX Luminometer.

Virion attachment assay
The virion attachment assay was performed as previously described (Tanaka et al., 2003).
Briefly, infections are performed in 96 well microtiter plates at a m.o.i. of 0.02. MDMs (103/
well) were pretreated for 30 min at 37°C with medium only (no antibody), 25 μg/ml of anti-
CD63 monoclonal antibody (Invitrogen, clone CLB-gran/12 CLB-180), 25 μg/ml of anti-
CD82 monoclonal antibody (Invitrogen, clone C-16), or 25 μg/ml anti-CD4 monoclonal
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antibody (BD Sciences, clone L200) as a positive inhibition control. Thereafter, HIV-1 SX
was added, which was continued in the presence of antibody, and incubated for 1 h at 4°C,
and unbound virions were removed by washing with ice-cold PBS containing 1% FBS. For
each condition, the cells were treated with 0.05% trypsin (Gibco) to cleave bound virus, and
then the amount of cell-associated p24 in the trypsin was determined with p24 Capture
ELISA kit.

Cell-cell fusion assay
U373-MAGI-CCR5 target cells, were plated in 96-well plates (104 cells/well) and cultured
overnight, followed by transfection of CD63-, CD4-, CCR5-specific siRNAs and ERBB2IP
control siRNA. The medium was removed 48 h post-transfection and 2 × 104 HL2/3 HeLa
cells were added to each well in fresh medium. HL2/3 HeLa cells express Tat and HIV
envelope proteins gp41 and gp120 that allow them to efficiently interact with CD4 and
CCR5 on U373-MAGI-CCR5 target cells, prompting cellular fusion via the same
mechanism used by HIV. The co-culture was incubated at 37°C for 12 h to allow fusion to
occur; the fusion of U373-MAGI-CCR5 target cells and HL2/3 HeLa cells was monitored
by assaying for Tat-dependent β-gal reporter gene activation stimulated by HIV-1 Tat from
the HL2/3 HeLa cells. U373-MAGI-CCR5 and HL2/3 cells alone were used to determine
background luminescence. To study the effect of each siRNAs on cell-cell fusion, fusion
inhibitor, T-20, was used as positive control. The target cells were pre-treated with T-20 (10
μg/ml or 1 μg/ml) for 24 h followed by incubation with HL2/3 cells in the continued
presence of the T-20. Subsequently, fusion was measured via luminometry expressed as β–
galactosidase production.

Real time quantitative PCR
Primers and probes for real time PCR were custom ordered from Sigma-Aldrich. Full
genomic DNA was isolated from MDMs or cell lines using the Qiagen Blood and Tissue Kit
(Qiagen, Inc., CA). Small non-genomic DNA, such as reverse transcribed viral cDNA and
2-LTR circles were isolated using a Qiagen Miniprep kit. To detect strong stop of reverse
transcription, primers M667 and AA55, along with probe MH603 (Butler et al., 2001) were
used; to detect full length HIV DNA, primers M667 and M661 (Zack et al., 1990), along
with probe MH603 were used; to identify 2-LTR circle formation, as described in our
previous study (Friedrich et al., 2010), primers MH535 and MH536 were used with the
MH603 probe (Butler et al., 2001). Total mRNA was isolated from siRNA-transfected cells
and MDMs using RNeasy Mini Kits (Qiagen). For integration, a two-step PCR reaction was
performed. For the initial PCR amplification, Alu forward and HIV-1 gag reverse primers
were used (O’Doherty et al., 2002; Friedrich et al., 2010). The second step real-time PCR
used the primers LTR forward, LTR reverse, and LTR probe (O’Doherty et al., 2002;
Friedrich et al., 2010). CD63 specific primers and probe were purchased from Applied
Biosytems (Carlsbad, CA). All reactions were performed using Applied Biosystems
TaqMan Universal Master Mix and run using an Applied Biosystems 7500 Fast Real Time
PCR system and 7500 Fast System Software. Silencing of target genes was determined by
normalizing target gene expression to GAPDH expression (n=3).

Statistical analysis
The results are expressed as mean ± SD of at least four wells. Two-tailed, paired Student’s t-
test was used to determine statistical significance. P value of <0.05*, and <0.01** were
considered significant.
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Figure 1. Confirmation of CD63 mRNA down regulation via real-time PCR
(A) MDMs (5 × 105 cells/well) or (B) U373-MAGI-CCR5 cells (1 × 105 cells/well) were
plated in 24-well plates and transfected with 50 nM siRNAs (CD63, CD4, and ERBB2IP).
For controls, cells were treated with AZT (1 μM) or raltegravir (20 mM). Controls also
included untreated cells or cells infected with HIV-1 SX (m.o.i.= 0.02) only. Total mRNA
was isolated from each well using the Qiagen RNeasy kit 48 h after transfection.
Quantitative RT-PCR was used to determine relative CD63 expression levels, normalizing
to GAPDH expression as an internal control.
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Figure 2. Effects of CD63 silencing on HIV-1 replication in human MDMs and U373-MAGI-
CCR5 cells
(A) MDMs (5 × 105 cells/well) or (B) U373-MAGI-CCR5 cells (1 × 105 cells/well) were
plated in triplicate in 24-well plates and transfected with 50 nM siRNAs (CD63, CD4, and
ERBB2IP). Controls included cells treated with raltegravir (20 mM), untreated cells or cells
treated with virus infection only. Forty eight hours post-transfection, cells were infected
with HIV-1 SX (m.o.i. =0.02). Supernatants were harvested for p24 detection on day 5 post-
infection for U373-MAGI-CCR5 cells, and on day 7 post-infection for MDMs using p24
Capture ELISA kit (ImmunoDiagnostics, Woburn, MA). (C) Cell lysates from MDMs on
day 7 post-infection were also harvested for detection of intracellular p24. *P<0.05,
**P<0.01, compared with ERBB2IP control group, respectively.
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Figure 3. Anti-CD63 does not inhibit HIV-1 attachment to human MDMs
MDMs (1×103cells/well) were pretreated for 30 min at 37°C with Iscove’s modified
Dulbecco’s medium (IMDM) alone, 25 μg/ml of anti-CD63 antibody (Invitrogen), 25 μg/ml
of anti-CD82 antibody (Invitrogen), or 25 μg/ml of anti-CD4 antibody (BD Sciences) as a
positive inhibition control. Thereafter, HIV-1 SX (m.o.i.= 0.02) was added, and incubated
for 1 h at 4°C, and unbound virions were removed by washing with cold PBS containing 1%
FBS. The cells were trypsinized, and the amount of cell-associated p24 in trypsin was
determined with p24 Capture ELISA kit. Controls included cells treated with trypsin only
and untreated (no Ab) cells. Experiments were performed in triplicate. **P<0.01, compared
with anti-CD82 group.
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Figure 4. CD63 silencing has no effect on cell-cell fusion
U373-MAGI-CCR5 target cells (104cells/well) were transfected with CD63-, CD4-, or
CCR5-specific siRNAs and ERBB2IP siRNA. For controls, fusion inhibitor T20 (1 μg/ml or
10 μg/ml) was used as well as fusion only conditions containing no siRNA. Forty-eight
hours post-transfection U373-MAGI-CCR5 target cells were co-cultured with 2 × 104 of
HL2/3 effector cells per well at 37°C for 12 h to allow fusion to occur. Fusion was
monitored by assaying for Tat-dependent β-gal reporter gene activation stimulated by HIV-1
Tat from the HL2/3 cells. All experiments were performed in quadruplicate. *P<0.05,
**P<0.01, compared with ERBB2IP group.
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Figure 5. CD63 silencing reduces HIV-1 reverse transcription in human MDMs and U373-
MAGI-CCR5 cells
The effect of HIV-1 reverse transcription on the formation of full length cDNA (A and C)
and the initiation of strong stop (B and D) were performed in MDMs (5 × 105 cells/well)
and in U373-MAGI-CCR5 cells (1 × 105 cells/well) that were transfected with 50 nM
siRNAs (CD63 and ERBB2IP). Forty-eight hours post-transfection, cells were infected with
HIV-1 SX (m.o.i. = 0.02). For controls, cells were treated with reverse transcriptase inhibitor
AZT (1 μM); cells infected with virus only; and untreated cells. Small non-genomic DNA
was isolated from controls and CD63 siRNA-transfected MDMs and U373-MAGI-CCR5
cells at 24 h post infection. Primers M667/M661, along with probe MH603, was used to
quantify full-length cDNA formation (A and C), and primers M667/AA55, along with probe
MH603 was used to quantify strong stop cDNA formation (B and D) by real time PCR.
*P<0.05, compared with ERBB2IP group.
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Figure 6. CD63 silencing decreases HIV-1 integration and 2-LTR circle formation in human
MDMs and U373-MAGI-CCR5 cells
(A) MDMs (5 × 105 cells/well) or (B) U373-MAGI-CCR5 cells (1 × 105 cells/well) were
plated in 24-well plates and transfected with 50 nM siRNAs (CD63, CD4, and ERBB2IP).
Controls include cells treated with raltegravir (20 mM) 24 h prior to infection, during
infection and 48 h post- infection and untreated cells. Forty-eight hours post-transfection,
cells were infected with HIV-1 SX (m.o.i. = 0.02). Genomic DNA was isolated from cells 5
days (MDMs) and 3 days (U373-MAGI-CCR5 cells) post-infection. Quantitative real-time
PCR was used to quantify differences in HIV-1 SX integration between control cells and
CD63-siRNA transfected cells using primers Alu-gag-LTR, and LTR probe (O’Doherty et
al., 2002; Friedrich et al., 2010). Plasmid DNA was isolated from cells (C) 5 days (MDMs)
and (D) 3 days (U373-MAGI-CCR5 cells) post HIV-1 SX infection. Quantitative real-time
PCR was used to quantify differences between control cells and CD63-siRNA transfected
cells using primers MH535/MH536 with probe MH603 to detect HIV 2-LTR circle
formation (Butler et al., 2001; Friedrich et al., 2010). All experiments were performed in
triplicate. *P<0.05, **P<0.01, compared with ERBB2IP group.
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Figure 7. CD63 silencing decreases early HIV-1 protein Tat activity in U373-MAGI-CCR5 cells
U373-MAGI-CCR5 cells (1 × 105 cells/well) were plated in triplicate in 24-well plates and
transfected with 50 nM siRNAs (CD63, CD4, and ERBB2IP). Controls included cells
treated with raltegravir (20 mM), untreated cells or cells treated with virus infection only.
Forty eight hours post-transfection, cells were infected with HIV-1 SX (m.o.i. = 0.02). Cell
lysates were collected on day 3 post-infection, and Tat-driven β–galactosidase activity was
analyzed using the Beta–Glo Assay System (Promega, Madison, WI), and was detected by
Dynex MLX Luminometer. *P<0.05, **P<0.01, compared with ERBB2IP control group,
respectively.
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