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RNA interference (RNAi) is a mechanism of post-transcriptional
gene silencing (PTGS) that has been described in plants, inverte-
brates and, more recently, in mammalian cells1,2. In Drosophila,
an RNaseIII-like enzyme called DICER3 processes long double-
stranded (ds) RNA into small, 21–23-mer short interfering RNA
(siRNA). An endonuclease complex uses siRNAs as a guide to
cleave the target mRNA of homologous sequence resulting in a
decrease in the steady-state levels of the target mRNA.
Endogenously, RNAi and PTGS have been shown to protect
against invading genetic elements such as transposons4,5, trans-
genes6–8 and viruses9–10, which potentially share in common a
long dsRNA trigger.

In mammals, exposure to dsRNAs greater than 30 basepairs
(bp) in length induces an antiviral interferon response that glob-
ally represses mRNA translation11,12. However, introduction of
shorter siRNA into mammalian cells leads to mRNA degradation
with exquisite sequence specificity13,14 without activating the in-
terferon response. RNAi-mediated post-transcriptional silencing
offers a potentially powerful tool to inhibit replication at a num-
ber of stages in the virus life cycle by targeting both viral and cel-
lular genes.

Silencing expression of CD4 decreases HIV-1 entry
To investigate the feasibility of using siRNA to suppress HIV-1
entry, we targeted the CD4 molecule, the principal receptor for
the virus15,16 in the HeLa-derived cell line, Magi-CCR5, which ex-
presses human CD4, CXCR4 (the coreceptor for T cell-tropic HIV),
and CCR5 (the coreceptor for macrophage-tropic HIV)17. Magi-
CCR5 cells also have an integrated gene encoding the β-
galactosidase (β-gal) gene expressed from the HIV Long Terminal
Repeat (LTR) (HIV–LTR–β-gal). Cells may be scored for viral entry
and early gene expression reflecting Tat-mediated transactivation
by staining for β-gal17. Transfected CD4-siRNA specifically reduced
CD4 expression in about 75% of Magi-CCR5 cells, measured by

flow cytometry (Fig. 1a). Because flow cytometry for CD4 expres-
sion was performed on day 3 after transfection and the half-life of
the protein is approximately 20 hours, it is likely that almost all
the Magi-CCR5 cells have taken up CD4-siRNA and have actively
silenced CD4 expression. Northern-blot analysis (Fig. 1b) revealed
an approximately eight-fold reduction in CD4 mRNA, confirming
that CD4 silencing occurred by reducing mRNA stability.

To assess the effect of CD4 silencing on viral entry, Magi-
CCR5 cells were infected with both R5 (BAL) macrophage-tropic
and X4 (NL43) T cell-tropic strains of HIV-1 60 hours after trans-
fection with siRNA, the time of maximal silencing (data not
shown). β-galactosidase activity (Fig. 1c) and syncytia formation
(Fig. 1d) were assessed 48 hours after infection as indicators of
viral entry and infection, respectively. The eight-fold decrease in
CD4 expression led to a four-fold reduction in viral entry mea-
sured by β-gal-expressing cells. CD4-siRNA transfected cells also
showed few syncytia, demonstrating that there was little viral
spread to neighboring uninfected cells (Fig. 1d). The antisense
strand of the CD4-siRNA did not reduce CD4 expression (Fig. 1a
and b) or inhibit viral entry (Fig. 1c and d). Early production of
cell-free virus, measured by p24 ELISA 48 hours after infection,
showed a four-fold decrease (Fig. 1e). We conclude that siRNA-
directed silencing of CD4 specifically inhibited HIV-1 entry and
thus HIV-1 replication.

Silencing viral genes inhibits HIV-1 replication
The HIV-1 capsid is expressed from the intact full-length viral
RNA as a Gag polyprotein that is proteolytically cleaved into
p24, p17 and p15 polypeptides that form the major structural
core of the virus. The p24 polypeptide also functions in uncoat-
ing and packaging virions. We targeted the gag gene, as degrada-
tion in this region could inhibit both viral genomic RNA
accumulation and production of p24. HeLa cells expressing
human CD4 (HeLa-CD4)16 were transfected with p24-siRNA 24
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hours before infection with HIVIIIB. Two days after infection,
p24-siRNA transfected cells showed a greater than four-fold de-
crease of viral protein, compared with controls (Fig. 2a).
Furthermore, we observed silencing of full-length viral mRNA
levels by northern blotting for p24 expression only in the p24-
siRNA transfected Hela-CD4 cells (Fig. 2b). A repeat experiment,
with cells collected five days after transfection, showed similar
knockdown in viral protein levels (Fig. 2c), with northern blots
of p24-containing RNA showing a ten-fold reduction in the 9.2-
kilobase (kb) full-length viral transcript in p24-siRNA transfected
cells (Fig. 2d). Similar to the results with the CD4-siRNA-directed
silencing of cellular gene expression, the p24-siRNA-directed si-
lencing of viral gene expression occurred after transcription, was
sequence-specific and was not an ‘antisense’ RNA effect.

There are at least ten HIV-1 transcripts18 including unspliced,
singly spliced and multiply spliced transcripts expressed from
the integrated provirus, depending upon the stage of the viral
life cycle19. The full-length HIV-1 transcript serves as both the
mRNA for the gag-pol genes and the genomic RNA of progeny
virus. Some non-structural genes including tat, rev, and nef are
expressed from the provirus before integration into the host
genome20. As nef is the gene at the 3′ end of the HIV genome and
is contained in many viral transcripts, a probe against nef was
used to test the effect of siRNA-directed reduction of different
viral transcripts (Fig. 2d). The 4.3- and 2.0-kb nef-containing

transcripts were reduced approximately 10-fold, comparable to
the full-length transcript detected with p24 or nef probes.

When viral particle production was measured by p24 ELISA 5
days after infection, p24 titers in culture supernatants were re-
duced 25-fold compared with controls (Fig. 2e). The inhibition
of cell-free virus production exceeded the level of gene silencing
observed by northern blotting with p24 and nef probes. This re-
sult, and the identical reduction of p24-containing and nef-
containing transcripts, indicates that viral amplification was in-
hibited early during the course of infection.

Silencing viral gene expression in T cells
To demonstrate inhibition of HIV-1 in a more physiological con-
text and to assess the kinetics of viral protein knockdown, we
followed viral infectivity in a human T-cell line (Fig. 3). H9 cells
transfected with siRNA against green fluorescent protein (GFP)
were infected with an HIV-1 strain in which the nef gene had
been replaced with GFP (ref. 21). Reduced p24 and GFP protein
expression was detectable in H9 cells 2 days after transfection
with a GFP-siRNA, and by day 5, HIV-1 protein expression was
reduced 3- to 4-fold. Viral protein synthesis returned to control
levels on day 9 (Fig. 3a). Similarly, p24 ELISA of culture super-
natants revealed 3-fold less virus production by GFP-siRNA
transfected cells at day 5, and the protective effect of siRNA was
no longer detectable at day 9 (Fig. 3b). Northern-blot analysis in-
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Fig. 1 CD4-siRNA inhibits HIV-1 entry and infection in Magi-CCR5 cells. a,
Flow-cytometric analysis of CD4 expression (CD4-PE) 60 h after Magi-CCR5
cells were either mock transfected or transfected with CD4-siRNA, antisense
strand of CD4-siRNA only (CD4-asRNA) or HPRT-siRNA (control siRNA). Cell
numbers in each panel represent the percent of gated CD4+ cells. b,
Northern blot for CD4 expression in control (CD4–) HeLa cells (lane 1),
mock- (lane 2), CD4-siRNA- (lane 3), CD4-asRNA- (lane 4) and control
siRNA- (lane 5) transfected cells. The exposure of this blot used for quantita-
tion of CD4 mRNA is available in Supplemental Fig. A online. β-actin expres-
sion was used as a loading control. c, β-gal expression in CD4-siRNA- (lane
1), CD4-asRNA- (lane 2) and control siRNA- (lane 3) transfected cells, 2 d
after infection with HIV-1 NL43 (left) or BAL (right). A reduction in the num-
ber of β-gal+ cells in CD4-siRNA-transfected cells compared with control
siRNA-transfected cells indicates decreased transactivation of endogenous
LTR–β-gal expression by HIV-1 tat. Error bars are the average of 2 experi-
ments. d, Photomicrograph of β-gal stained Magi-CCR5 cells either unin-

fected or infected with HIV-1 NL43 after mock-, CD4-siRNA-, CD4-asRNA- or
control siRNA-transfection. Syncytia formation and LTR activation are re-
duced in the CD4-siRNA-transfected cells compared with controls. e, Viral
p24 antigen of cell-free HIV-1 from the samples described in c as measured
by ELISA 2 d after transfected Magi-CCR5 cells were infected with HIV-1
strains NL43 (left) or BAL (right). Error bars are the average of 2 experiments.
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dicated that mRNA levels of cellular genes silenced by transient
siRNA transfection returned to control levels by day 4 after
transfection (data not shown), yet analysis of viral proteins
showed protective effects lasting several more days. Prolonged
knockdown of viral gene expression is consistent with inhibi-
tion of viral replication in multiple rounds of infection.

Silencing of viral gene expression in H9 cells was dose depen-
dent (Supplementary Fig. B online). However, H9 T cells re-

quired a 10-fold higher concentration of siRNA relative to HeLa-
CD4 cells, due to a lower transfection efficiency; Hela-CD4 cells
approach 100% transfection efficiency as measured by reduction
in CD4 levels, whereas in H9 cells it is approximately 30% (data
not shown). This difference would explain the smaller reduction
of cell-free virus titers observed in H9 cells (Fig. 3b versus Fig. 2e).
Therefore, amplification and re-infection are efficiently reduced
in the HeLa-CD4 cells, but not in H9 cells, where approximately
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Fig. 2 p24-siRNA inhibits viral replication in HeLa-CD4 cells. a, Specificity of p24-siRNA-directed inhibition of viral gene ex-
pression demonstrated by flow-cytometric analysis of p24 expression (p24RD1) in uninfected control and mock-, p24-
siRNA-, p24-siRNA-antisense strand- and GFP-siRNA- (control siRNA) transfected HeLa-CD4 cells 2 days after infection with
HIVIIIB. Percentage of gated p24+ cells shown in each panel. b, Northern blot for p24 expression in uninfected (lane 1) mock-
(lane 2), p24-siRNA- (lane 3), p24-siRNA-antisense strand- (lane 4) and control siRNA- (lane 5) transfected cells. β-actin ex-
pression was used as a loading control. c, Flow-cytometric analysis of p24 expression (p24RD1) in uninfected control and
mock-, p24-siRNA- and GFP-siRNA- (control siRNA) transfected HeLa-CD4 cells 5 d after infection with HIVIIIB. Percentage of
gated p24+ cells are shown in each panel. d, Northern blot for p24, Nef and β-actin expression in stably infected control
(lane 1), uninfected (lane 2) mock- (lane 3), p24-siRNA- (lane 4), and control siRNA- (lane 5) transfected cells. Compared
with mock- or control siRNA- transfected cells, p24-siRNA-transfected cells showed decreased expression of the full-length,
9.2-kb HIV-1 transcripts and/or genomic RNA as well as the 4.3- and 2.0-kb nef-containing transcripts. β-actin expression
was used as a loading control. e, Viral p24 antigen measured by ELISA in uninfected control (lane 1) and mock- (lane 2),
p24-siRNA- (lane 3) and control siRNA- (lane 4) transfected cells infected with HIVIIIB demonstrates reduction of cell-free virus
production only in p24-siRNA- transfected HeLa-CD4 cells. Error bars represent the average of 3 experiments.
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Fig. 3 Time course of silencing HIV-1 gene expression and inhibi-
tion of viral replication in H9 T cells. a, Flow cytometry of p24
(p24RD1) and GFP expression in mock-, GFP-siRNA-, or CD19-siRNA-
(control siRNA) transfected H9 cells infected 24 h later with HIV-1-
containing GFP inserted into the nef region, and analyzed 2, 5 and 9 d
after transfection. Percentage of cells positive for both p24 and GFP
expression are shown in each panel. b, Viral p24 ELISA titers of mock-
(lane 1), GFP-siRNA- (lane 2), or control siRNA- (lane 3) at 2, 5 and 
9 d after transfection.
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two-thirds of cells are not protected against the initial virus in-
fection. Unprotected cells would be capable of either progeny
virus production or re-infection.

Inhibition of viral gene expression by siRNA-directed silencing
in primary T cells was specific, although silencing of viral gene
expression was only between two- and three-fold
(Supplementary Fig. C online). Reduced siRNA-directed viral
gene silencing in primary cells may reflect either lower efficiency
of silencing machinery or poor transfection efficiency in pri-
mary cells compared with cell lines.

Silencing gene expression after viral integration
Single-round infection assays have shown that approximately 24
hours elapse from initiation of infection until the first appear-
ance of progeny virus19. To reduce the contribution of siRNA-
directed silencing on pre-integration viral genomes, we infected
HeLa-CD4 cells with HIV-1 four days before transfection with
siRNAs. Two days after transfection, more than 90% of the cells
were infected with HIV-1 but the mean fluorescent intensity of
p24 expression, on a per-cell basis in p24-siRNA-transfected
HeLa-CD4, was reduced 50% compared with mock or control
transfections (Fig. 4). These results suggest that siRNA-directed
silencing can reduce the steady-state viral production, even in
the setting of an established infection.

To eliminate completely any potential effect of transfected
siRNA on parental virus genomes before integration into the
host genome, we assayed a latently infected T-cell clone (ACH2),
which can be induced to produce high levels of infectious HIV-1
by phorbol myristate acetate (PMA) stimulation. ACH2 cells
were transfected with p24-siRNA and then induced with PMA.
Two days after induction, 70% of control cells expressed p24
compared with 23% of the p24-siRNA-transfected cells (Fig. 5).
Taken together, these data indicate that siRNA-directed silencing
of HIV-1 gene expression occurred after integration, most likely
at the level of progeny virus production.

Discussion
Collectively, these results serve as a proof-of-principle that
siRNA technology can be used to suppress multiple steps of the
HIV-1 life cycle. CD4 silencing directly led to inhibition of viral

entry measured by β-galactosidase assay and syncytia formation
and resulted in reduced free viral titers and decreased re-
infection. Although CD4 silencing in vivo may be limited by its
role in normal immune function, HIV-1 coreceptors provide
more attractive alternatives for targeting host proteins. In partic-
ular, CCR5 may be the preferred coreceptor target because ho-
mozygous mutation in CCR5 effectively confers protection from
HIV-1 without any serious deleterious effects in immune func-
tion in humans22,23.

Our data demonstrate reduction in viral mRNA after transient
transfection with p24-siRNA and subsequent infection by HIV.
The p24-containing mRNA remaining in p24-siRNA transfected
cells may represent either untransfected or incompletely si-
lenced cells. In addition, p24-siRNA transfection resulted in a re-
duction in homologous RNA as well as a reduction in several
viral messages that did not include p24 sequences.

Mechanistically, these data suggest three possibilities. First,
the siRNA targets the viral genomic RNA directly when the virus
first enters the cell and affects all subsequently expressed HIV-1
transcripts. Second, the siRNA inhibits the pre-spliced mRNA in
the nucleus. Third, the siRNA inhibits gag gene expression late in
the viral life cycle by targeting either progeny viral genomes di-
rectly and/or by inhibiting viral capsid assembly by degrading
p24-containing mRNA. siRNA-directed silencing of HIV-1 is un-
likely to be a nuclear event, as viral gene silencing has been ob-
served in another virus that does not have a nuclear phase24.
Additionally, intronic sequences have not been reported to be
targets for siRNAs in mammalian systems and siRNA–containing
RNA-induced silencing complex (RISC)25 has been isolated from
ribosomal pellets of Drosophila cells25,26.  The Rev protein of HIV-
1 contains a nuclear-export signal and interacts with the rev re-
sponsive element in the env coding region, permitting transport
of pre-spliced viral RNA to the cytoplasm27–29. Thus, targeting of
pre-spliced viral RNA in the cytoplasm is probably the mecha-
nism of p24-siRNA action.

Silencing of p24 expression in the setting of an established in-
fection and from latently infected cells is consistent with p24-
siRNA-mediated targeting of cytoplasmic viral genomic RNA
directly. These data demonstrate the ability to silence viral gene
expression after integration. None of our results exclude the pos-
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sibility of siRNA-directed degradation of the viral genome at
entry into the cell (Fig. 6). Reduction of cell-free viral titers be-
yond the time of maximal viral transcript degradation likely re-
flects silencing during the initial rounds of infection.

An efficient method of introducing siRNA-like species into pri-
mary CD4+ T cells and macrophages in vivo remains to be devel-
oped. The extent of the siRNA-directed silencing is probably
limited by the concentration of active siRNAs in the target cell.
Recent reports demonstrate that genes encoding short hairpin
RNAs may be engineered into plasmid vectors30–35 or viral vec-
tors30 for stable expression in target cells. These stem-loop con-
structs parallel the naturally occurring stem-loop structures
which are also processed by DICER to yield small temporal RNA
(stRNA)36–38, which is important in development39,40. Therefore,
expression of short hairpin RNAs corresponding to HIV-1 se-
quences could be acted upon by the mammalian DICER ho-
molog to yield HIV-specific siRNAs. Interestingly, in situ
hybridization with fluorescent probes of short hairpin RNAs,
transcribed from U6 promoters and which generate siRNAs,
demonstrated nucleoplasmic subcellular localization34.
Although a small percentage of the expressed hairpin RNA
might exit to the cytoplasm, it remains possible that one phase
of the silencing mechanism, either DICER processing of hairpin
RNA and/or RISC-mediated silencing, may be nuclear. Further
experimentation is necessary to distinguish between these possi-
bilities.

This report is a first step in demonstrating that siRNA technol-
ogy can be used as a possible therapeutic strategy to inhibit HIV-
1 replication in host cells. Several RNA-based gene therapies are
being studied to complement current antiretroviral therapies
against HIV, including ribozyme and antisense approaches41,42.
During preparation of this manuscript, a vector-based strategy to

silence an HIV-1 gene was reported43. An siRNA to the rev regula-
tory gene was reconstituted in trans by independent transcrip-
tion of sense and antisense strands of the rev siRNA (ref. 43).
Vector-based strategies that target combinations of viral genes in
addition to cellular genes may provide a significant boost to
RNA-based antiviral therapeutics.

Methods
Cell culture. Magi-CCR5 cells were grown in DMEM containing 200 µg/mL
neomycin, 100 µg/mL hygromycin and 10% heat-inactivated FCS. HeLa-
CD4 cells were grown in DMEM containing 200 µg/mL neomycin and 10%
heat-inactivated FCS. H9 and ACH-2 cell lines were grown in RPMI 1640
containing 10% heat-inactivated FCS. CD4 blasts were generated by isolat-
ing CD4+ T cells from peripheral blood lymphocytes of normal donors by
immunomagnetic selection with Miltenyi beads (Miltenyi Biotech, Auburn,
California) and culturing them in RPMI 1640 containing 15% FCS for 3–4 d
in the presence of 4 µg/mL phytohemagglutinin (PHA).

Preparation of siRNAs. siRNAs with the following sense and antisense se-
quences were used: CD4, 5′-GAUCAAGAGACUCCUCAGUdGdA-3′ (sense),
5′-ACUGAGGAGUCUCUUGAUCdTdG-3′ (antisense); p24, 5′-P.GAU-
UGUACUGAGAGACAGGCU-3′ (sense), 5′-P.CCUGUCUCUCAGUACAAU-
CUU-3′ (antisense); GFP, 5′-P.GGCUACGUCCAGGAGCGCACC-3′ (sense),
5′-P.UGCGCUCCUGGACGUAGCCUU-3′ (antisense); HPRT, 5′-P.GUGU-
CAUUAGUGAAACUGGAA-3′ (sense), 5′-P.CCAGUUUCACUAAUGACACAA-
3′ (antisense); CD19, 5′-P.UAGUAGGAGGCAGGCCCCAGA-3′ (sense),
5′-P.GAAUCAUCCUCCGUCCGGGGU-3′ (antisense). All siRNAs were syn-
thesized by Dharmacon Research (Lafayette, Colorado) using 2′-ACE pro-
tection chemistry. The siRNA strands were deprotected according to
manufacturer’s instructions, mixed in equimolar ratios and annealed by
heating to 95 °C and slowly reducing the temperature by 1 °C every 30 s
until 35 °C and 1 °C every min until 5 °C.

siRNA transfection. Magi-CCR5 and HeLa-CD4 cells were trypsinized and
plated in 6 cm wells at 1 × 105 cells per well for 12–16 h before transfection.
Cationic lipid complexes, prepared by incubating 100 pmol of indicated
siRNA with 3 µl oligofectamine (Gibco-Invitrogen, Rockville, Maryland) in
100 µl DMEM (Gibco-Invitrogen) for 20 min, were added to the wells in a
final volume of 1 ml. After overnight incubation, cells were washed and
used for infection with HIV-1. For transfection of suspension cells, cationic
lipid complexes were prepared by 20-min incubation with 100 pmol of in-
dicated siRNA and 0.5 µl oligofectamine (Gibco-Invitrogen) in 50 µl AIM V
T-cell medium (Gibco-Invitrogen). Log-phase cultures of H9 cells were re-
suspended at 1 × 105 cells per well in 50 µl AIM V media and combined with
the cationic lipid complexes in 96-well flat-bottom plates. Cells were trans-
fected overnight, washed and resuspended in serum containing RPMI
medium, and were used for infection with HIV-1.

Flow cytometry. Phycoerythrin (PE)-conjugated αCD4 and RD1-conju-
gated αHIV-1 p24 monoclonal antibodies were used for staining44. Data
were acquired and analyzed on FACScalibur with CellQuest software
(Becton Dickinson, Franklin Lakes, New Jersey).

Northern analysis. Northern-blot analysis was performed with 5–10 µg
total RNA (RNAEasy, Qiagen, Valencia, California) and blotting was per-
formed using the Northern Max protocol (Ambion, Austin, Texas). The
CD4 probe was PCR amplified from the T4pMV7 plasmid16 using CD4-for-
ward 5′-TGAAGTGGAGGACCAGAAGG-3′ and CD4-reverse 5′-CTTGCC-
CATCTGGAGCTTAG-3′ as primers. The p24 and nef probes were PCR
amplified from the HXB2 plasmid45 using p24-forward 5′-
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Fig. 6 Model for pathways of RNA interference for inhibition of productive
HIV-1 infection. siRNA-directed to the viral receptor mRNA inhibits virus
entry into target cells (Step 1). Silencing of pre-integrated HIV-1 may occur
by p24 siRNA targeting the RISC complex directly to the HIV-1 genome to
prevent integration (Step 2). In addition, HIV-1 progeny virus production
may be inhibited by silencing full-length HIV-1 gene expression (mRNA or
genomic RNA) expressed from the integrated provirus (Step 3).
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CCAGGGGCAAATGGTACATCAGGCCATA-3′ and p24-reverse 5′-CCTCCT-
GTGAAGCTTGCTCGGCTCTTA-3′ primers; and nef-forward 5′-ATGGGTG-
GCAAGTGGTCAAAAAGTAGTGTG-3′ and nef-reverse 5′-GTGGCTAAGAT
CTACAGCTGCCTTGTAAGT-3′ primers. β-actin probe (Ambion) was used
as an internal standard. PCR products (25–30 ng) were labeled with α-
[32P]dATP (DECAprimeII; Ambion), purified by NucAway spin columns
(Ambion), heated to 95 °C and used as probes in northern blots.

HIV-1 infection/induction. Magi-CCR5 cells were infected with R5 BAL
and X4 NL43 strains of HIV-1 using 10 ng of p24 gag antigen per well.
HeLa–CD4 cells were infected with 10–20 ng of p24 antigen per well of X4
HIVIIIB virus. At indicated times, cells were trypsinized and evaluated for HIV-
1 p24 expression by flow cytometry and northern-blot analysis. H9 cells
were infected with viral supernatants from pR7-GFP (ref. 23) transfected
293 T cells at an MOI of 0.1. Productive infection was induced in ACH2 cells
by activation with 1 µg/ml of phorbol myristate acetate (PMA).

β-gal staining. Magi-CCR5 cells were infected in the presence of DEAE-dex-
tran (20 µg/ml) and then fixed and stained 2 d later17. Cell counts represent
number of blue cells per 10 high-power fields. Cell-free p24 antigen was
measured by ELISA in supernatants at indicated times (Beckman-Coulter,
Brea, California).

Note: Supplementary information is available on the Nature Medicine
website.
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CORRIGENDUM: siRNA-directed inhibition of HIV-1 infection
Carl D Novina, Michael F Murray, Derek M Dykxhoorn, Paul J Beresford, Jonathan Riess, Sang-Kyung Lee, Ronald G Collman, Judy
Lieberman, Premlata Shankar & Phillip A Sharp
Nat. Med. 8, 681–686 (2002)

The reported antisense strand of the CD19 siRNA used as a negative control in Figure 3 (p. 683), with the sequence 5′-GAAUCAUCCUC-
CGUCCGGGGU-3′, did not have the appropriate sequence. The CD19 RNA used in Figure 3 is therefore not relevant as an unrelated siRNA
control. Additional experiments using other control siRNAs confirmed that the silencing phenomenon reported in Figure 3 is specific; the con-
clusions of the paper remain unchanged. The authors regret the error.

ERRATUM: TNF defined as a therapeutic target for rheumatoid arthritis and
other autoimmune diseases
Marc Feldmann & Ravinder N Maini
Nat. Med. 9, 1245–1250 (2003)

A callout for Figure 3 should have been inserted on p. 1248. The last sentence of the first paragraph of column 3 should read,“…the relative rar-
ity of sustained remission of disease (Fig. 3).” We regret the error.

ERRATUM: β-receptor polymorphisms: heart failure’s crystal ball
David A Kass
Nat. Med. 9, 1260–1262 (2003)

The last sentence of the Figure 1 legend (p. 1261) is incomplete. The sentence should read, “…contractile depression compared with Gly389
hearts. MHC, myosin heavy chain.” We regret the error.

ERRATUM: Confronting ancient scourges (cover image)
Nat. Med. 9 (2003)

The cover image for the May 2003 issue was not credited. The last sentence of the cover caption should read, “Courtesy of S. Kaufmann and J.
Golecki/SPL/Photo Researchers Inc.” We regret the error.
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