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Background: The TRAIL:TRAIL receptor system has been implicated in the pathogenesis of a variety of malignant and
infectious disorders, including HIV infection.
Results:Weshow thatHIV causes production of a novel TRAIL splice variant, thatwe call TRAIL-short, which bindsTRAILR2,
antagonizes TRAIL signaling, and is present in HIV patient samples.
Conclusion: Introduction of TRAIL-short causes resistance to TRAIL, whereas knockdown restores sensitivity.
Significance: The identification of TRAIL-short impacts our understanding of TRAIL sensitivity and has implications for the
pathogenesis of both infectious and malignant pathogenesis.

Virus-host interactions are characterized by the selection of
adaptivemechanisms bywhich to evade pathogenic and defense
mechanisms, respectively. In primary T cells infected with HIV,
HIV infection up-regulates TNF-related apoptosis inducing
ligand (TRAIL) and death-inducing TRAIL receptors, but
blockade of TRAIL:TRAIL receptor interaction does not alter
HIV-induced cell death. Instead,HIV infection results in a novel
splice variant that we call TRAIL-short (TRAIL-s), which antago-
nizesTRAIL-R2. InHIVpatients, plasmaTRAIL-s concentration
increases with increasing viral load and renders cells resis-
tant to TRAIL-induced death. Knockdown of TRAIL-s abro-
gates this resistance.We propose that TRAIL-s is a novel adapt-
ivemechanismof apoptosis resistance acquiredbyHIV-infected
cells to avoid their elimination by TRAIL-dependent effector
mechanism.

Many viral infections alter the host’s regulation of apoptosis
to favor the viruses’ own survival and/or propagation (1). In the
case of acute nonpersistent viral infections, such as influenza
virus, this manifests as an increased rate of apoptosis (2), which
facilitates viral replication by means of activated caspases
enhancing viral transcription (3). Alternately, persistent viral
infections, such as Epstein-Barr virus, often inhibit apoptosis to
promote the persistence and/or latency of the virus. In the case
of Epstein-Barr virus, this is achieved by the antiapoptotic pro-
tein LMP-1, which up-regulates expression of a variety of host
encoded antiapoptotic proteins (4). The HIV virus is unique in
that it has developed strategies to favor apoptosis of most pro-

ductively infected CD4 T cells (5), which enhances HIV repli-
cation (6). In addition, abortive infection of CD4 T cells also
results in apoptosis of bystander cells, although the teleologic
reason for this remains unclear (7). An additional novel charac-
teristic ofHIV infection is that it has developed additional strat-
egies to inhibit apoptosis (8), presumably to favor the develop-
ment of latency and persistence, which are the main obstacles
to curative treatments for HIV.
The decline in CD4 T cell numbers that occurs as a conse-

quence of HIV disease progression is due in part to accelerated
rates of apoptotic death of both infected as well as noninfected
bystander cells. Multiple host- and virus-derived signals favor
these events, including enhanced production of Fas ligand by
infected cells (9), causing death of activated Fas expressing
bystander cells (10). In addition, soluble viral proteins such at
Tat, Vpr, and Env cause apoptosis of uninfected lymphocytes
(11), abortive infection of uninfected cells leads to death of
those cells in a caspase 3-dependent manner (7, 8), and intra-
cellular expression ofHIV protease cleaves host regulatory pro-
teins, including procaspase 8 (12), which promotes infected cell
apoptosis. Not surprisingly, therefore, HIV infection also
impacts the regulation of the TNF-related apoptosis-inducing
ligand (TRAIL):TRAIL2 receptor system.

TRAIL is a member of the TNF superfamily of death-induc-
ing ligands whose members also include Fas ligand and TNF,
among others. TRAIL is selectively toxic to virally infected
and/or transformed cells while sparing most healthy cells (13,
14). TRAIL binds to five recognized TRAIL receptors, surface-
expressedTRAIL-R1 throughTRAIL-R4 and the soluble osteo-
protegrin (15). Two receptors (TRAIL-R1 and -R2) are able to
effect an apoptotic signal, whereas TRAIL-R3 and -R4 are con-
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that allow propagation of an apoptotic signal (16). Osteoprote-
grin is a soluble inhibitor of RANK ligand, which binds to
TRAIL and may act as a soluble decoy receptor for TRAIL (17,
18). The ability of TRAIL to cause tumor regression in vitro, as
well as in animalmodels (19–21), has lead to early clinical trials
of TRAIL agonists as therapy for human malignancy (22, 23).
It is generally agreed that cells from HIV-infected patients

have enhanced expression of TRAIL-R1 and -R2 and an
acquired sensitivity to TRAIL-mediated killing compared with
HIV-uninfected donors (24). Further studies suggest that this
enhanced TRAIL sensitivity is caused by gp120 signaling
through CXCR4, resulting in up-regulation of TRAIL-R2 (25).
Ex vivo treatment of cells from HIV-infected patients with
recombinant (24) or cell-associated (26) TRAIL results in a
reduction of replication competent virus, even to undetectable
levels, and this occurs in a manner that has minimal impact on
bystander immune cell function (27). The observation thatHIV
infection per se (28) or Tat (29) treatment of monocytoid cells
up-regulates TRAIL has prompted an alternatemodel, whereby
TRAIL:TRAIL receptor interactions serve as a cause of
bystander cell death (30, 31). This latter model is supported by
correlative associations between TRAIL production and viral
replication (32), as well as peripheral blood lymphocyte-NOD-
SCID mouse studies (33) in which neutralizing anti-TRAIL
antibody reduced the rate of CD4 T cell decline following HIV
infection.
The molecular mechanisms that determine whether a given

cell will die in response to TRAIL require expression of
TRAIL-R1 and/or -R2, yet this alone is often insufficient. Over-
expression of intracellular apoptosis inhibitors such as c-FLIP
(34), inhibitor of apoptosis protein (35), or Bcl-2 family mem-
bers (36–38) can confer TRAIL resistance to a target cell
expressing TRAIL-R1 and/or -R2. However, altering these
counter apoptotic factors does not uniformly restore TRAIL
sensitivity, prompting speculation that soluble factors present
in the microenvironment might also impact TRAIL sensitivity.
Using acute HIV infection of primary CD4 T cells as a model

system, we tested whether TRAIL-mediated bystander killing
occurs. In these experiments, we could detect no TRAIL-medi-
ated bystander killing. Instead, we determined that uncon-
trolled HIV infection of T cells shifts the production of full-
length TRAIL toward the production of a novel splice variant of
TRAIL, which we call TRAIL-short (TRAIL-s). Further exper-
iments showed that TRAIL-s, which is detected in the plasma
and in primary CD4 T cells from HIV-infected donors, antag-
onizes TRAIL-mediated killing and causes acquired TRAIL
resistance. These data suggest that TRAIL-s is a compensatory
adaptation of HIV-infected cells that counters the host’s
attempts at infected cell eradication by TRAIL-mediated effec-
tor mechanisms.

EXPERIMENTAL PROCEDURES

Cell Lines, Primary Cells, and Culture Media—Primary
peripheral blood lymphocytes were obtained under protocols
approved by the Mayo Foundation institutional review board
following informed consent and separated by gradient centrif-
ugation over Ficoll-Paque Plus (GE Healthcare). After mono-
cyte depletion by plastic adherence, the cells were treated with

5 �g/ml phytohemagglutinin A (Sigma) for 24 h followed by
culture in medium supplemented with IL-2 (80 units/ml).
Alternately, pure populations of CD4� T cells were obtained
through immunodepletion-negative selection using Roset-
teSep (StemCell Technologies, Seattle, WA). Jurkat T cells (39)
and HEK-293T cells (40) were obtained from American Type
Culture Collection (Manassas, VA). Ovcar5 (41) were a gener-
ous gift from Dominic Scudiero (National Cancer Institute,
Bethesda, MD). The cells were cultured in either RPMI 1640 or
DMEM (Mediatech, Herndon, VA) supplemented with 10%
FCS (Atlanta Biologicals, Atlanta, GA), 100 units/ml penicillin,
and 10�g/ml streptomycin (Invitrogen). All of the cell lines and
PBLs were cultured at 37 °C in an atmosphere containing 5%
CO2.
In Vitro HIV Infection of PBL—Adult human PBL blasts and

Jurkat T cells were infected with HIV IIIB (National Institutes
of Health AIDS Research & Reference Reagent Program,
Bethesda, MD) or mock-infected as previously described (24).
Antibodies and Reagents—Neutralizing anti-TRAIL anti-

body 2E5 and the death-inducing recombinant TRAIL prepa-
ration SuperKillerTRAIL (skTRAIL) were purchased from
Axxora (SanDiego, CA). The 2E5 antibody was used at 5�g/ml
to block TRAIL-induced death of susceptible cells, and
skTRAIL was used at concentrations of 15 ng/ml or as
described for each experiment. Fluorescently tagged anti-
TRAIL antibody (clone RIK-2) as well as annexin V-phyco-
erythrin (PE), annexin V-FITC, and propidium iodide were
obtained from BD Biosciences (San Jose, CA). Antibodies
against the following antigenswere obtained from the indicated
suppliers: antibodies against HIV antigen p24, Immunodiag-
nostics (Woburn, MA); mouse mAbs to TRAIL-R1 (clone
M271), TRAIL-R2 (cloneM412), TRAIL-R3 (cloneM430), and
TRAIL-R4 (clone 445), Dr. David Lynch (Immunex Corpora-
tion); PE-conjugated anti-TRAIL-R2 antibodies and secondary
anti-mouse PE antibodies for flow cytometry, R & D Systems
(Minneapolis, MN); anti-GST antibodies for flow cytometry,
Martek Biosciences (Columbia, MD); anti-proliferating cell
nuclear antigen (clone PC10) and anti-actin (clone C2), as well
as HRP-conjugated secondary antibodies against mouse and
rabbit, Santa Cruz Biotechnology (San Jose, CA); and anti-HA
antibody, Boehringer-Mannheim (Indianapolis, IN). HRP-con-
jugated protein A for use in Western blotting was purchased
from GE Healthcare. Tetramethylrhodamine ethyl ester per-
chlorate (TMRE) for measuring loss of mitochondrial mem-
brane potential was purchased from Invitrogen-Molecular
Probes.
Induction and Assessment of Apoptosis—Recombinant

skTRAIL (15 ng/ml unless otherwise noted) was added to cul-
ture medium for the time periods indicated in the text. Death
was quantitated through trypan blue staining, flow cytometry
for annexinV and/or propidium iodide staining, TMRE release,
and caspase-3 fluorogenic activity assays, whereas viability was
assessed through CellTiter-Glo ATP and cell titer aqueous
reduction assays (Promega, Madison, WI). The data are
expressed as theTRAIL-specific apoptosis and calculated as the
percentages of apoptosis following insult minus the percentage
of apoptosis in control samples. Relative inhibition of apoptosis
was calculated as the insult-specific percentage of apoptosis
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minus the reduced apoptosis percentage, divided by the insult-
specific apoptosis. Where viability is expressed, this was calcu-
lated by subtracting the percentage of dead cells from the total
number of cells counted/assessed through each method speci-
fied in the text.
FlowCytometry—Flow cytometrywas used to determine sur-

face expression of TRAIL receptors as previously published
(24). Briefly, 106 cells in 100�l of volumewere incubatedwith 5
�g/ml of primary antibodies in PBS containing 1% BSA for 1 h
on ice and then stained with PE-conjugated anti-mouse sec-
ondary antibodies. TRAIL expression was assessed by flow
cytometry using the directly conjugated antibody RIK-2 (BD
Pharmingen). Annexin V staining was performed by washing
treated or control cells with PBS before suspension in binding
buffer (10 mM HEPES/NaOH, pH7.4, 140 mM NaCl, 2.5 mM

CaCl2). Next, 10 �g of annexin V-FITC or annexin-PE was
added to appropriate samples, which were incubated at room
temperature for 15 min before flow cytometry. Where indi-
cated in the text, the samples were also gated on parameters of
EGFP positivity or alternately by light scatter characteristics.
Mitochondrial membrane depolarization was assessed by
measuring the release of TMRE. Briefly, after culturing, the
cells were washed twice with PBS and then treated with 100 nM
TMRE for 30 min at room temperature. The cells were then
washed twice with PBS, resuspended in PBS plus 10 nM TMRE,
and then immediately analyzed. Flow cytometrywas performed
on a FACSCalibur cytometer. A minimum of 20,000 events
were collected and analyzed using CellQuest software (BD Bio-
sciences). Concentrations ofTRAIL in cell culture supernatants
were determined by commercial ELISA (Cell Sciences, Canton,
MA) according to the supplier’s protocol.
RNA Isolation, Oligonucleotide Primers, RT-PCR, and

Sequencing of Products—Total RNA was isolated using TRIzol
(Invitrogen) according to the manufacturer’s instructions. RT
and PCR amplifications were performed in a volume of 50 �l
using a titaniumOne-Step RT-PCR kit (Clontech) according to
the manufacturer’s instructions and 45 pmol of each 3�- and
5�-TRAIL-specific oligonucleotide primer (derived using
GenBankTM accession number NM_003810). The forward
primer used for TRAIL RT-PCR was 5�-TCTGACAGGAT-
CATGGCTATG-3� (start codon underlined). The reverse
primers included 5�-ACTAAAAAGGCCCCGAAAA-3� (exon
5) and 5�-CCTCTGGTCCCAGTTATGT-3� (exon 4).�-Actin-
specific oligonucleotides (forward primer, 5�-GAAACTAC-
CTTCAACTCCATC-3�, and reverse primer, 5�-CGAGGC-
CAGGATGGAGCCGCC-3�) were used as amplification
controls (GenBankTM accession number NM_001101). Condi-
tions for RT-PCR were as follows: initial denaturation step at
94 °C for 2 min, followed by 30 cycles (TRAIL) or 25 cycles
(actin) of denaturation for 30 s, annealing for 1 min at 50 °C,
extension at 72 °C for 45 s, and a final extension step at 72 °C for
5 min. PCR products were electrophoresed on 3% agarose gels
containing ethidium bromide and visualized under UV transil-
lumination. Bands of interest were excised from agarose gels
and isolated using the QIAquick gel extraction kit (Qiagen).
Products were ligated into the pGEM-T easy cloning vector
(Promega), bacteria transformed, and single colonies contain-
ing the plasmid selected according to manufacturer protocols.

PlasmidDNAwas recovered using the Perfectprep plasmid iso-
lation kit (Eppendorf North America, Westbury, NY) and
cycle-sequenced using T7 or SP6 site-specific primers on an
ABI Prism 377 DNA sequencer (Applied Biosystems, Foster
City, CA).
Real Time Quantitative PCR—Total RNA was isolated using

Qiagen RNeasymini kit (Qiagen) and reverse transcribed using
the ABI high capacity cDNA reverse transcription kit (Applied
Biosystems) with 2.5 �M random oligonucleotides and 1 �g of
RNA. The cDNA was amplified in 25 �l of PCR buffer with
Platinum SYBR Green qPCR SuperMix-UDG with ROX kit
(Invitrogen) in the presence of TRAIL or TRAIL-s specific
primers (sense primer for both TRAIL and TRAIL-s 5�-TCT-
GACAGGATCATGGCTATG-3�, TRAIL antisense primer
5�-TGGTTTCCTCAGAGGTTCTC-3�, and TRAIL-s anti-
sense primer 5�-CCTTTTCATTCTTGGAGTCTTTC-3�).
The PCR conditions comprised a hot start by 95 °C for 2 min
followed by 40 cycles of 95 °C for 15 s and 60 °C for 1 min. The
samples were run in triplicates on the ABI PRISM 7700HT
sequences detection system (Applied Biosystems) to determine
the threshold cycle (Ct). To determine the variation of mRNA
expression, we analyzed according to theDelta-Delta threshold
(Ct) method, and each Ct value was first normalized to the
respective �-actin Ct value.
Expression Vectors, Transfection of Cultured Cells, and Pro-

duction of Recombinant Protein—The complete cDNA
sequence of the TRAIL-s splice variant was amplified by RT-
PCR, as described above, using the BamHI site containing for-
ward primer 5�-CGGATCCATGGCTATGATGG-3� (restric-
tion site underlined just upstream of TRAIL start codon) and
reverse primer spanning the exon 2–5 splice junction
5�-TTATTTTGCGGCCCAGAGCCTTTTCATTCTTGGAG-
TCTTTC-3�. The PCR product was cloned into the pGEM-T-
easy vector as described above, digested with BamHI and
EcoRI, and then directionally subcloned into the expression
vectors pGEX-KG, HA-pcDNA3, pEGFPC1, and pEGFPN1
(Clontech) to generate GST-, HA-, and EGFP-tagged con-
structs of TRAIL-s, respectively, according to standard
protocols.
Jurkat cells expressing the EGFP-TRAIL-s fusion protein

were created by electroporating cells (320 volts, 0.1 ms, BTX
Electro Square Porator T-820) in the presence of the pEGFP
vector (Clontech) containing the TRAIL-s gene sequence. The
cells were then cultured in medium with 250 �g/ml G418 to
enrich the percentage of cells expressing the fusion protein.
Transient transfection of HEK-293T cells was performed

using Lipofectamine 2000 reagent (Invitrogen) according to
manufacturer-suggested protocols. Twenty-four hours after
transfection, culture supernatants and cell pellets were col-
lected for experiments, and expressionwas confirmed byWest-
ern blot analysis as described below. Recombinant GST-tagged
TRAIL-s was produced in Escherichia coli DH5� transformed
with pGEX vector containing TRAIL-s. After GST-TRAIL-s
was induced by 0.1 mM isopropyl �-D-thiogalactopyranoside
for 3 h at 37 °C, bacteria were collected by centrifugation,
washed with PBS, and lysed. GST-TRAIL-s was recovered by
affinity chromatography on glutathione agarose, eluted in 10
mM glutathione, and dialyzed against PBS. Concentrations of
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purified GST (control) or GST-TRAIL-s were then determined
by Bradford absorbance colorimetric assay (Bio-Rad).
Protein Detection byWestern Blot Analysis—Protein extracts

from cell pellets were obtained by lysis on ice using 150 mM

NaCl, 0.1% (w/v) CHAPS, 0.1% saponin, 1% Triton X-100, 10
mM Tris-HCl, pH 7.6, and mini-complete protease inhibitor
tablets (Roche Applied Science). Following centrifugation at
400� g for 10min, protein concentrations were determined by
Bradford assay, and the samples were electrophoresed on 15%
SDS-polyacrylamide gels before transfer to Immobilon-Pmem-
branes (Millipore, Billerica, MA).
The membranes were blocked in Tris-buffered saline con-

taining 0.2% Tween 20 and 2% BSA and blotted in a 1:1000
dilution of primary antibody followed by a 1:10,000 dilution of
appropriate HRP-conjugated secondary antibody. The mem-
branes were developed using ECL Western blotting detection
reagents (GEHealthcare). Equal protein loadingwas confirmed
by reblotting membranes for actin or proliferating cell nuclear
antigen.
TRAIL-R2 Knockdown Experiments—Briefly, 106 Jurkat or

HeLa cells were incubated on ice with 200 ng of GST, GST-
TRAIL-s fusion protein or 100 ng of skTRAIL for 30 min. The
cells were then washed once with PBS and stained for surface
expression of TRAIL-R2 (as described above). For experiments
addressing TRAIL-s binding of TRAIL-R2 through knock-
down, a 21-bp sequence previously used to silence endogenous
DR5 (5�-AAGACCCTTGTGCTCGTTGTC-3�) (42) was
inserted into pCMS-4.eGFP.HIP (kindly provided by Dan D.
Billadeau, Mayo Clinic, Rochester, MN), a plasmid that con-
tains theH1 promoter for shRNA expression, a CMVpromoter
for expression of shRNA-resistant cDNAs, and an SV-40 pro-
moter controlling EGFP expression (43). For reconstitution
with shRNA-resistant DR5, cDNA encoding full-length DR5
was amplified from Jurkat cell RNA, cloned into pCMS-
4.eGFP.H1P using EcoRV andNotI, andmutated at the shRNA
target sequence to 5�-AAAACACTAGTTCTAGTAGTC-3�
(italicized nucleotides indicate silent mutations) by site-di-
rected mutagenesis. Integrity of the inserts was confirmed by
sequencing. The plasmidwas then transfected into Jurkat T cell
leukemia cells by electroporation at 300 V for 10 ms using a
BTX 820 square wave electroporator. Twenty-four hours later,
the cells were assayed for their ability to bind GST-TRAIL-s.
Production of Anti-TRAIL-s Antibodies—The unique C-ter-

minal 11 amino acids encoded by TRAIL-s were synthesized
and conjugated to keyhole limpet hemocyanin through a cys-
teine residue also added to the N terminus of the peptide
sequence using an Apex 396 peptide synthesizer. This purified
peptidewas thenused to immunize rabbits for the generation of
polyclonal antisera andBalb/cmice for production ofmonoclo-
nal antibodies by standard techniques. Immunoglobulin was
purified by passage of the conditioned media from hybridomas
over a protein A column. All of the animals were treated in
accordance with the standards of National Institutes of Health
Office of Laboratory Animal Welfare, and protocols were
reviewed for acceptability by the Institutional Animal Care and
Use Committee.
Pulldown Assays—The ability of TRAIL-s to bind TRAIL R2

was first confirmed using a pull-down approach and was then

later applied to samples of interest to demonstrate the presence
of TRAIL-s. Briefly, 100 ng of a recombinant chimeric protein
consisting of the extracellular portion of TRAIL-R2 linked by
peptide spacer to human immunoglobulin Fc domain (R & D
Systems, Minneapolis, MN) was incubated with sample and 50
�l of a 50–50 slurry of protein A/G-agarose beads (Santa Cruz
Biotechnology, Santa Cruz, CA) in a volume sufficient to allow
mixing at 4 °C overnight on a rotator. The beads were then
pelleted, washed gently with PBS, and boiled in Laemmli sam-
ple buffer, resolved on 15%SDS-polyacrylamide gels, and trans-
ferred to Immobilon-P membranes (Millipore, Billerica, MA).
Western blotting of the membranes was performed as
described previously.
TRAIL-s ELISA—Recombinant TRAILR2-Fc (R & D Sys-

tems) was bound to Immulon 4HBX 96-well plates at 100
ng/well in TBS � 0.05% Tween 20 overnight at 4 °C. The wells
were then washed five times with TBS � 0.05% Tween 20
(TBST wash buffer). The wells were blocked with 3% BSA in
wash buffer for 2 h at 37 °C and then washed five times with
wash buffer. The samples were then loaded into wells and incu-
bated at 37 °C for 2 h followed by five washes. The detection
antibody (mousemonoclonal specific for TRAIL-s) wash added
to each well (0.5 �g/ml in TBST) and incubated for 2 h at 37 °C
followed by five washes. Alkaline phosphatase-conjugated goat
anti-mouse IgG (Sigma) was added to each well for 1 h at room
temperature, followed by five washes. OPD solution (pNPP;
Sigma) was added and allowed to develop at room temperature,
protected from light. 2 N H2SO4 was added to each well to stop
the reaction. Absorbance was read at 490 nm in a Biotek EL800
plate reader.
TRAIL-s Knockdown Experiments—Knockdown of TRAIL-s

was achieved through transfection of siRNA oligonucleotides
(Dharmacon, Lafayette, CO) targeting this splice variant. Con-
trols, including untransfected cells or cells reacted with trans-
fection reagent alone, non-RISC RNA-induced silencing
complex interacting siRNA oligonucleotides, and siRNA oligo-
nucleotides specific for knockdown of lamin A/C, were
included in each experiment, as were noninteracting, nontar-
geting siRNA oligonucleotides tagged with Cy-3 (to determine
transfection efficiency). Cells for transfection were plated 24 h
before use in either 24- or 96-well plates, at concentrations of
30,000 and 3000 cells/well, respectively, in antibiotic-free
medium. Optimal concentrations for Lipofectamine 2000 and
the siRNA oligonucleotides were determined empirically to be
1 and 0.2 �l of Lipofectamine 2000/well in 24- and 96-well
plates, respectively, and siRNA oligonucleotides were used at
30�M. The cells were harvested 48 h after transfection to assess
knockdown byWestern blot andTRAIL sensitivity by exposure
for 16 h to various TRAIL concentrations prior to analysis by
cell titer aqueous assay for viable cell mass or by flow cytometry
for annexin V binding.
Knockdown of TRAIL-s in primary CD4 T cells was accom-

plished using the previously described siRNA constructs, by
electroporation using the Amaxa nucleofector II (Lonza)
according to the manufacturer’s recommendations.
Statistical Analysis—Where indicated, statistical analysis

was performed comparing treatment groups against appropri-
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ate control groups using a Student’s t test.p values less than 0.05
were considered significant.

RESULTS

HIV-infected T Cells Express TRAIL and TRAIL Receptors,
but Do Not Undergo Paracrine TRAIL-induced Death—Using
primary CD4 T cells from HIV-negative donors, we evaluated

whether changes in TRAIL:TRAIL receptor system occurred
following acute HIV infection. Consistent with prior observa-
tions in transformed cells (25), HIV infection resulted in an
up-regulation of TRAIL-R1, -R2, and -R4, as determined by
flow cytometry (Fig. 1A) and RT-PCR (data not shown). Fur-
thermore, HIV infection of primary CD4 T cells resulted in
TRAIL up-regulation in infected cells (Fig. 1B) and an increase

FIGURE 1. HIV infection of PBLs increases TRAIL and TRAIL receptor expression, but TRAIL:TRAIL receptor blockade does not alter HIV-associated cell
death. A and B, peripheral blood lymphocytes from HIV-negative donors were infected in vitro with HIV-1 (IIIB) or mock-infected and analyzed 4 days following
infection for surface TRAIL receptor expression (A) or surface TRAIL expression (B). Mock-infected PBLs (light gray histograms), HIV-infected PBLs (dark gray
histograms), or isotype (black histograms) are shown. Co-staining for the HIV antigen p24 revealed that the increase in TRAIL expression occurred within the
population of PBLs also staining positive for p24 (results representative of four independent experiments). C, soluble TRAIL was measured in the culture
supernatants of mock- or HIV-infected PBLs. The results shown are the means of four infections � S.E. D, TRAIL-mediated death in PBL cultures was determined
by serial treatment of PBL cultures (mock- and HIV-infected) with an isotype control antibody or neutralizing anti-TRAIL antibody. Independent experiments
confirmed the ability of the neutralizing antibody (clone 2E5) to inhibit TRAIL-mediated death in TRAIL-sensitive cells treated with skTRAIL. The data are
representative of three separate replicates.
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in soluble TRAIL production (Fig. 1C). Given these findings, it
should logically follow that some, if not the majority, of HIV-
induced T cell death might be due to the interaction of TRAIL
with its agonistic receptors. Therefore, we evaluated the ability
of a neutralizing anti-TRAIL antibody to block or at least
reduce HIV-associated T cell death. We first independently
confirmed the ability of this antibody to block the death of
TRAIL-sensitive Jurkat T cells co-incubated with TRAIL
expressing effector cells (data not shown). When HIV-infected
primary CD4 T cell cultures were treated with neutralizing
anti-TRAIL antibody, there was no increase in cell viability in
the HIV-infected cultures (Fig. 1D). This surprising finding
suggests that either the function of TRAIL or TRAIL recep-
tor(s) or the interaction of TRAIL with TRAIL receptor(s) is
aberrant during primary CD4 T cell infection with HIV.
HIV-infected PBLs Produce a Soluble Inhibitor of TRAIL-me-

diated Killing—We next asked whether TRAIL produced by
HIV-infected T cells is functional. Cytotoxicity assays in the

presence or absence of the neutralizing anti-TRAIL were per-
formed using TRAIL-sensitive Jurkat T cells as targets and
HIV-infected T cells as effector cells. Whereas recombinant
TRAIL (skTRAIL) induced substantial Jurkat T cell death that
was inhibitable by the neutralizing antibody, HIV-infected T
cells with measurable surface TRAIL expression caused mini-
mal death of Jurkat T cells, even when the number of effector
cells was increased by 5-fold, and none of the observed death
was inhibited by 2E5, suggesting that TRAIL produced byHIV-
infected cells is either nonfunctional, or it may be antagonized
(Fig. 2A).
To determinewhether a soluble inhibitor of TRAILwas pres-

ent, we incubated HIV- or mock-infected T cells at high con-
centration in PBS for 90 min and tested supernatants for the
ability to inhibit TRAIL-induced death (Fig. 2, B and C). Incu-
bation of Jurkat T cells with supernatant from mock-infected
cells resulted in minimal death (6.3%), whereas incubation of
Jurkat T cells with supernatant from HIV-infected cells caused

FIGURE 2. TRAIL-sensitive target cells are protected against TRAIL-induced death by preincubation with supernatant from HIV-infected PBLs.
A, DiO-labeled Jurkat T cells were co-incubated with recombinant skTRAIL or with mock- or HIV-infected PBLs at the indicated effector-to-target ratios in the
presence or absence of isotype control antibody or neutralizing anti-TRAIL antibody. Apoptosis was assessed in the Jurkat cells by gating on the DiO-positive
cells and measuring annexin V-PE positivity. The data are from three experiments (error bars are S.D.). B, HIV-infected or mock-infected PBLs were incubated at
high density for 1 h at 37 °C in PBS, the cells were removed, and the resulting PBS supernatant was used to treat Jurkat cells. Jurkat T cells treated with PBS
supernatant alone were analyzed for death by propidium iodide (PI) permeability (top panels). Alternately, Jurkats were preincubated with mock or HIV-PBS
supernatant for 1 h, followed by treatment with skTRAIL and analysis of propidium iodide permeability (bottom panels). The results are representative of three
independent experiments. C, Jurkat T cells were incubated with PBS, PBS supernatant from mock- or HIV-infected PBLs, followed by skTRAIL treatment and
analyzed for apoptosis by annexin V staining. The Fas agonist antibody CH-11 was included as a positive control, and the graph presents the means from six
experiments � S.E. D, PBS supernatants from mock or HIV cultures were analyzed by Western blot using a polyclonal anti-TRAIL antibody.
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a slight increase in death (11.2%), likely because of proapoptotic
factors present in the infected cell supernatants. As expected,
TRAIL treatment of Jurkat T cells resulted in substantial death
and preincubation of Jurkat T cells with mock-supernatant did
not impact TRAIL-induced death. However, preincubation of
Jurkat T cells with supernatant from HIV-infected cells signif-
icantly reduced the amount of TRAIL-induced death (p �
0.008; Fig. 2, B and C). The inhibitory effect of HIV PBS super-
natant was TRAIL-specific, because the same supernatant had
no impact on apoptosis induced by the agonistic anti-Fas clone
CH-11 (data not shown). The PBS supernatants from HIV or
mock-infected cultures were analyzed byWestern blot using an
anti-TRAIL polyclonal antibody. This demonstrated a novel
band in the HIV-infected cultures of �11 kDa, raising the pos-
sibility that a new TRAIL species was present (Fig. 2D).
HIV-infected PBLs Produce a Novel TRAIL Splice Variant,

TRAIL-s—Because members of the TNF superfamily exist as
soluble forms (44, 45), we questioned whether a soluble TRAIL
species might be present and responsible for the observed
antagonism of TRAIL. Three isoforms of TRAIL have been
described: TRAIL-� (encoded by all five exons and expected to
be �32 kDa, unmodified); TRAIL-�, in which exon 3 is absent;
andTRAIL-�, in which both exons 2 and 3 are excised (Fig. 3A).
Using a sense primer from exon 1 and an antisense primer from
exon 5, we identified a novel product produced inHIV-infected
but not uninfected T cells, which we termed TRAIL-short

(TRAIL-s; GenBankTM accession number DZ848564). Cloning
and sequencing of this product showed it to be a splice variant
of TRAIL containing exons 1, 2, and 5, with exons 3 and 4
absent (Fig. 3B). The fact that this product was produced in
HIV-infected cells even when HIV replication was inhibited by
azidothymidine or nelfinavir suggests that viral replication is
required to induce TRAIL-s production. This splicing event
between exons 2 and 5 results in a frameshift, such that
TRAIL-s possesses a unique C terminus compared with
TRAIL-�, -�, or -�, and a premature stop codon resulting in a
101-amino acid polypeptide (Fig. 3C). Next, we performed
quantitative RT-PCR analysis of cells from five different donors
for the presence of both full-length TRAIL or TRAIL-s, follow-
ing in vitro infectionwithHIV IIIb. In all instances, bothTRAIL
and TRAIL-s are increased by HIV infection (Fig. 3D).
The identification of a novel transcript for TRAIL does not

necessarily mean that a protein corresponding to the novel
transcript is translated. To address this issue, we therefore took
advantage of the novel C terminus predicted to be in TRAIL-s
and generated a monoclonal antibody against that epitope.
Using that antibody, we assessed uninfected and HIV-infected
Jurkat cells for the presence of TRAIL-s and found an immuno-
reactive protein species that migrated at the predicted size in
the infected but not uninfected cells (Fig. 3E). The specificity of
the identified 11-kDa band was confirmed by preabsorbing the

FIGURE 3. Identification of a novel TRAIL splice variant, TRAIL-s. A, genomic organization of TRAIL indicating the exon structure of transcripts encoding
TRAIL-�, �, and �. The arrows indicate primers used to identify all three variants. B, RT-PCR from RNA of mock- or HIV-infected Jurkat cells was performed a sense
primer in exon 1 and an antisense primer in exon 5, indicating the presence of a novel splice variant in HIV-infected cells that we termed TRAIL-s. Where
indicated, azidothymidine (AZT) or nelfinavir (NFV) were added. C, nucleotide and amino acid sequence of TRAIL-s (GenBankTM accession number DQ848564).
D, quantitative RT-PCR for TRAIL and for TRAIL-s of PBL from five different donors with or without HIV IIIb infection. E, Western blot for TRAIL-s using TRAIL-s
specific antibody. F, the specificity of the antibody is demonstrated by absorbing the antibody with GST TRAIL-s prior to immunoblot.
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monoclonal antibodywithGST-TRAIL-s prior toWestern blot
(Fig. 3F), which causes loss of the 11-kDa band.
TRAIL-s Binds TRAIL-R2—In the case of FasL, a truncated

version of the full-length protein that binds Fas, has been
described (44), raising the possibility that a similar scenario
might occur in the case of TRAIL-s. To determine potential
receptor binding of TRAIL-s, Jurkat T cells (Fig. 4A) and HeLa
cells (data not shown) were treated with recombinant GST-
fused TRAIL-s (GST-TRAIL-s) and then stained for TRAIL-R1
andTRAIL-R2. As shown (Fig. 4A), TRAIL-s pretreatment pre-
vented detection of TRAIL-R2 by receptor-specific antibody
just as agonistic TRAIL ligand does, suggesting that GST-
TRAIL-s occupies TRAIL-R2 and prevents antibody binding.
To confirm binding of TRAIL-s to TRAIL-R2, a knockdown

approach was used. Jurkat T cells were transfected with vectors
encoding EGFP; EGFP and TRAIL-R2 shRNA; or EGFP,
TRAIL-R2 shRNA, and shRNA-resistant TRAIL-R2 re-expres-
sion vector. TRAIL-R2 expression and the binding of GST-

TRAIL-s in transfected (EGFP�) cells were assessed by flow
cytometry. Vector transfected control cells had detectable
TRAIL-R2 and bound GST-TRAIL-s significantly (Fig. 4B, top
panels). By contrast, whenTRAIL-R2was knocked down,GST-
TRAIL-s did not bind (Fig. 4B, middle panels). Importantly,
when TRAIL-R2 expression was restored, the binding of GST-
TRAIL-s was restored (Fig. 4B, bottom panels). These results
suggest that TRAIL-s can bind TRAIL-R2 but not TRAIL-R1,
which is also present in these cells (24). Finally, pulldowns using
TRAIL-R1 or-R2 fused to Fc demonstrated that TRAIL-R2, but
not TRAIL-R1, interacted with TRAIL-s (Fig. 4C), as detected
by a monoclonal antibody specific for TRAIL-s. Likewise,
immunoprecipitations of lysates from noninfected and HIV-
infected Jurkat cells with either a TNF-R1-Fc or TRAIL-R2-Fc
revealed the specificity of TRAIL-s for binding TRAIL-R2
(Fig. 4D).
TRAIL-s Inhibits TRAIL-induced Apoptosis—We next

assessed whether TRAIL-s promotes or inhibits cytotoxicity.

FIGURE 4. TRAIL-s binds TRAIL-R2. A, Jurkat T cells were stained for surface TRAIL-R2 expression following pretreatment with skTRAIL, GST, or GST-TRAIL-s
recombinant protein. Pretreatment of cells with GST alone resulted in identical staining for TRAIL-R2 as untreated cells (data not shown). B, Jurkat T cells were
transfected with constructs expressing GFP alone, GFP and shRNA for TRAIL-R2 knockdown, or GFP and shRNA for TRAIL-R2, plus an additional TRAIL-R2
re-expression sequence modified to be resistant to the encoded shRNA. GFP-positive cells were specifically analyzed for TRAIL-R2 expression and for binding
of GST alone or GST-TRAIL-s. Cells transfected with shRNA for TRAIL-R2 demonstrate the loss of GST-TRAIL-s binding (middle row), but this binding is restored
upon re-expression of TRAIL-R2 (bottom row). C, immunoprecipitation of TRAIL-s with TRAIL-R and Fc and blotted with anti-TRAIL-s monoclonal antibody.
D, immunoprecipitation of TRAIL-s from HIV-infected Jurkat cells with TRAIL-R2-Fc. IP, immunoprecipitation; WB, Western blot.
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Treatment of a variety of cell types with HA-TRAIL-s failed to
induce detectable cell killing (data not shown). Accordingly, we
transfected Jurkat cells with an expression vector containing
the TRAIL-s cDNA cloned downstream of the EGFP cDNA.
Cells were incubated with recombinant human TRAIL and
then analyzed by flow cytometry, gating specifically on the
EGFP-positive (TRAIL-s-positive) or EGFP-negative (TRAIL-
s-negative) populations for viability using light scatter (Fig. 5A)
or for mitochondrial depolarization by TMRE retention (Fig.
5B). TRAIL-s-negative cells responded to increasing doses of
TRAIL with increasing loss of viability and increasing mito-
chondrial depolarization. Of note, the degree of killing as deter-
mined by light scatter is less than that assessed by TMRE stain-
ing, because light scatter changes are a later event in apoptosis
than the loss of mitochondrial transmembrane potential. By
contrast, the TRAIL-s-positive cells showed a relative resis-
tance to TRAIL-induced loss of viability and mitochondrial
depolarization (Fig. 5C), indicating that TRAIL-s inhibits
TRAIL-induced killing. Cells expressing EGFP only showed no
resistance to TRAIL-induced killing (data not shown).
Knockdown of TRAIL-s Restores TRAIL Sensitivity—Having

demonstrated that TRAIL-s overexpression confers TRAIL

resistance, we next performed the reciprocal experiment. A
TRAIL-s-positive cell line was identified by screening a library
of transformed cell lines andwas transiently transfectedwith an
siRNA specific for TRAIL-s, an siRNA for lamin A/C, or non-
targeting siRNA oligonucleotide. Forty-eight hours later, the
cells were assessed for TRAIL-s content (Fig. 6A). After per-
forming a killing curve of TRAIL using the nontransformed
cells, we next performed the same killing assay using parental
cells transfected with the various siRNA constructs. In these
experiments, cells transfected with the nontargeting siRNA or
the laminA/C siRNAdemonstrated a similar relative resistance
to TRAIL-mediated killing. However, the presence of the
siRNA for TRAIL-s enhanced the sensitivity of these cells to
TRAIL-mediated killing, as assessed by annexin staining (Fig.
6B). Transfection of these siRNA constructs into a TRAIL-s-
negative cell line did not have any measurable effect of TRAIL
killing (Fig. 6C).
Plasma and Cells from HIV-infected Patients Contain

TRAIL-s—Having demonstrated the presence of TRAIL-s dur-
ing in vitro HIV infections, we sought to assess whether
TRAIL-s is also present during HIV infection in vivo. Toward
this end, plasma samples from HIV-infected patients with a
wide range of viral replication were assessed by Western blot
and found to contain TRAIL-s, which was greater than plasma
from HIV-negative patients (Fig. 7A). Additionally, we devel-
oped a sandwich immunoassay, using plate-bound chimeric
TRAIL-R2/FC protein as the capture reagent and monoclonal
antibody against TRAIL-s (Fig. 4, C and D) as the detection
reagent. This assay was validated using known quantities of
GST-TRAIL-s, and GST-TRAIL-s was used in each assay to
create a standard curve fromwhich experimental sample values
were extrapolated (supplemental Fig. S1). This ELISA assaywas
performed on both HIV patient sera and normal human sera.
Whereas TRAIL-s was not detected in the serum of normal
donors, it was present in more than 50% of patients infected
withHIV, and its level increasedwith increasingHIV viral loads
(Fig. 7B).
Knockdown of TRAIL-s in Cells from HIV-infected Patients

Enhances TRAIL Sensitivity—Production of TRAIL-s by a tar-
get cell, such as an HIV -infected cell, might alter the ability of
that cell to be killed byTRAIL-dependent effectormechanisms.
To assess this possibility, we transfected primary CD4 T cells
frompatients infectedwithHIVwith siRNA constructs specific
for TRAIL-s and assessed the response to TRAIL by measuring
active caspase 3 content in treated cells. Consistent with prior
publications (24, 26), TRAIL treatment resulted in low but
detectable levels of apoptosis. TRAIL-s siRNA resulted in an
enhanced sensitivity to death induced byTRAIL (meanTRAIL-
specific apoptosis� 12.2%, p� 0.05, comparedwith BSA treat-
ment; Fig. 7, C and D), confirming that in cells from HIV-in-
fected patients, the presence of TRAIL-s contributes to a
relative TRAIL-resistant state.

DISCUSSION

Viruses have developed a multitude of ways of dealing with
the hosts’ normal apoptotic pathways (1). These adaptations
includeways of enhancing apoptosis of infected cells, which can
facilitate viral replication, aswell as ways of inhibiting apoptosis

FIGURE 5. Expression of a GFP-TRAIL-s transgene confers resistance to
TRAIL. A and B, Jurkat cells transfected with a GFP-TRAIL-s expressing vector
were cultured for 2 h at 37 C with increasing amounts of recombinant TRAIL.
The cells were harvested and analyzed for GFP and light scatter (A) or labeled
with TMRE and analyzed for GFP and TMRE expression (B). C, cell killing in the
GFP-negative versus the GFP-positive cells in represented as the increase in
TMRE low expressing cells over nontreated control cells. The data are from
one of three experiments with similar results.
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to favor persistence and/or latency. In the case of HIV, emerg-
ing data indicate that both strategies occur. Our current report
offers insight into an additional mechanism by which HIV
achieves apoptosis resistance. The effect of TRAIL-s during
HIV infection might impact two distinct processes during HIV
pathogenesis by (i) reducing HIV induced T cell death, so that
not all infected T cells die and latency can be achieved, and (ii)
subverting the normal host defense strategies employed by NK
cells and T cells, of killing virally infected cells through TRAIL-
dependent effector mechanisms. Indeed, the phenomenon of
immune escape during HIV has become increasingly recog-
nized and can involve escape from cytotoxic T-lymphocyte-
mediated recognition as well as NK-mediated killing (46).
Mechanisms underlying this include escape fromCTL recogni-
tion by epitope-selective migration (47), as well as a newly
describedmechanismwhereby Vpu down-regulates NTB-A on
NK cells and protects HIV-infected cells from NK-mediated
lysis (48). It will be of interest to determine directly whether
TRAIL-s disarms the TRAIL-dependent effector mechanisms
of both NK cells and cytotoxic lymphocytes.
There is also an increasing body of literature indicating that

the regulation of the TRAIL:TRAIL receptor system is altered
during HIV infection in vitro. HIV-1 Tat protein increases

TRAIL expression and secretion by monocytes (49), macro-
phages (29), and dendritic cells, and the latter can induce apo-
ptosis of CD4 T cell lines uninfected by HIV in part because of
TRAIL (31). When uninfected CD4 T cells are infected with
HIV, they show increased TRAIL and TRAIL-R2 expression
(50), potentially as a result of HIV gp120-inducedTRAIL recep-
tor expression (25). Additional clinical evidence supports a role
for TRAIL in HIV pathogenesis. HIV-infected individuals have
higher serum levels of TRAIL than uninfected controls, (32) and
serum TRAIL levels correlate positively with HIV viral load (51).
As with in vitro infections, TRAIL-R2 expression is increased in
peripheral blood mononuclear cells from HIV-infected patients
(50), whereas antiretroviral therapy decreases both serum TRAIL
levels (32) and expression of TRAIL-R2 (50). Interestingly, poor
CD4 T cell recovery after highly active anti-retroviral therapy is
associated with higher TRAIL-R1 expression on T cells (30) and a
polymorphism in the TRAIL gene (52). In a genome-wide associ-
ation study of the contribution of variable gene expression to viral
control, elevated TRAIL expressionwas associated with high viral
loads (53), consistent with a model whereby apoptosis induction
drives viral replication.
These previous reports implicating TRAIL in the immuno-

pathogenesis of HIV-mediated T cell death led us to predict

FIGURE 6. TRAIL-s expressing cells acquire TRAIL sensitivity following knockdown of TRAIL-s. A, a TRAIL-s-positive cell was treated with RNAi specific for
TRAIL-s, a nontargeting control, or RNAi knockdown of lamin A/C, and TRAIL-s content evaluated by Western blot. B, these cells were then treated with
increasing doses of TRAIL and analyzed for viability. C, a TRAIL-s-negative cell line was treated with the same siRNA constructs and treated with increasing doses
of TRAIL as above, to assess the specificity of the knockdown approach. The results are means of three independent experiments.
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that some of the T cell death occurring during in vitro HIV
infection of primary CD4 T cells would be TRAIL-dependent.
However, when directly tested, that was not observed; instead,
we identified the presence of a soluble factor that inhibited
TRAIL killing, ultimately leading us to describe TRAIL-s. Not-
withstanding our findings, it remains possible that other anti-
apoptotic mechanisms are activated in concert, such as the
recent description of an apoptosis-resistant genetic profile of
circulatingmonocytes fromHIV-infected patients (8); it is pos-
sible that a similar profile is induced in a subset of T cells from
infected patients. In this regard, it is noteworthy that macro-
phages also develop a TRAIL-resistant phenotype following
HIV infection in vitro (54).
The present identification of TRAIL-s and its characterization

as a TRAIL splice variant that binds TRAIL-R2 and inhibits
TRAIL-mediated cell death advance our understanding of
TRAIL biology. TRAIL-s does not contain the cysteine at posi-
tion 230 that is present in full-length TRAIL (55) and normally
functions to bind zinc and facilitate ligand trimerization.
Therefore, TRAIL-s probably impacts proper ligand function
by interrupting native TRAIL trimerization. In that regard, it
may act as a dominant negative. Also, because TRAIL-s binds
TRAIL R2, either the small extracellular domain of TRAIL that
is retained in TRAIL-s causes the binding (which is unlikely) or
the novel C terminus of TRAIL-s mediates the binding of
TRAIL-s to TRAIL R2. Structural biology will be required to

sort out the specificity of that interaction. It is also uncertain
whether TRAIL-s binds and antagonizes the TRAIL-R2 recep-
tor intracellularly or following its secretion; however, the fact
that TRAIL-s is detected in the serum of HIV-infected patients
and is present in tissue culture supernatants, and because it can
protect in trans (Fig. 2) suggests that a soluble mechanism is
possible. Previously, demonstration of solubleTRAIL in plasma
or culture supernatants was presumed to provide evidence of
proapoptotic TRAIL activity. The presence of TRAIL-s con-
founds that interpretation and soluble TRAIL must now be
interpreted with caution and directly tested for either the pro-
or anti-apoptotic effect.
The present results also have potential therapeutic implica-

tions beyond the realm of HIV infection. First, although TRAIL
therapy has shown promise in a variety of preclinical models of
cancer therapy, early results from its clinical use have been less
auspicious (56). It will be of great interest to determine whether
TRAIL-s might be present in some of these malignant condi-
tions. Second, because TRAIL-s is a host encoded protein that
antagonizes TRAIL-mediated killing, it is possible that admin-
istration of TRAIL-s might be of therapeutic benefit in situa-
tions of excessive TRAIL-dependent killing.
The study of HIV pathogenesis has demonstrated numerous

ways in which HIV and the human host are in a complex inter-
play, with viral factors that adapt over time to inactivate host
defense strategies and vice versa. Inactivation of the host

FIGURE 7. A, TRAIL-s was immunoprecipitated from HIV patient sera using TRAIL-R2/human Fc fusion protein and blotted with anti TRAIL-s antibody. B, soluble
TRAIL-s was detected by ELISA in plasma of HIV-negative or HIV-positive patients as described under “Experimental Procedures.” C, HIV-infected patient cells
were transfected using AMAXA with GFP siRNA constructs for TRAIL-s and lamin and then stimulated to die using either BSA control or TRAIL. Shown are results
in the EGFP-positive cells, which represent those containing the siRNA construct. D, pooled results from four individual donors are shown.
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restriction factors encoded by the apoplipoprotein B mRNA
editing, enzyme catalytic polypeptide family of proteins by Vif
(57), and the host counter-evasion of this strategy by producing
APOBEC3F splice variants that are Vif resistant but that main-
tain antiviral activity (58) are prime examples. Because the
nature of the HIV life cycle is such that multiple transcriptional
splice variants are required for productive HIV replication, the
ability of HIV to impact splicing of host transcripts is not sur-
prising (59). Our current data suggest another arm of this host-
pathogen interplay, with the host activating the TRAIL system
as an arm of antiviral defense and the virus countering this by
generating the splice variant TRAIL-s as a means of acquiring
resistance toTRAIL-dependent killing pathways. Knowledge of
these novel responses may allow new strategies aimed at inter-
rupting elements of HIV pathogenesis.
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