1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Immunol. Author manuscript; available in PMC 2020 August 01.

-, HHS Public Access
«

Published in final edited form as:
J Immunol. 2019 August 01; 203(3): 718-724. doi:10.4049/jimmunol.1900271.

TRAILshort protects against CD4 T cell death during acute HIV
infection.

Sekar Natesampillail, Ana C. Paim!, Nathan W. Cummins!, Aswath P. Chandrasekar!, Gary
D. Brenl, Sharon R. Lewin?3, Hans-Peter Kiem?, Andrew D. Badleyl:®

1Division of Infectious Diseases, Mayo Clinic, Rochester, MN, 55905

°The Peter Doherty Institute for Infection and Immunity, University of Melbourne and Royall
Melbourne Hospital, Melbourne, Australia

SDepartment of Infectious Diseases, Alfred Health and Monash University, Melbourne, Australia
4Fred Hutchinson Cancer Research Center, Seattle, WA, 98109

SDepartment of Molecular Medicine, Mayo Clinic, Rochester, MN, 55905

Abstract

CDA T cells from HIV-1 infected patients die at excessive rates compared to those from uninfected
patients, causing immunodeficiency. We previously identified a dominant negative ligand which
antagonizes the TNF-Related Apoptosis-Inducing Ligand (TRAIL) dependent pathway of cell
death, that we called TRAILshort. Because the TRAIL pathway has been implicated in CD4 T cell
death occurring during HIV-1 infection, we used shRNA knockdown, CRISPR deletion, or
antibodies specific for TRAILshort to determine the effect of inhibiting TRAILshort on the
outcome of experimental acute HIV infection /n vitro. Strikingly, all three approaches to
TRAILshort deletion/inhibition enhanced HIV induced death of both infected and uninfected
human CD4 T cells. Thus TRAILshort impacts T cell dynamics during HIV infection, and
inhibiting TRAILshort causes more HIV infected and uninfected bystander cells to die.
TRAILshort is therefore a host-derived, host-adaptive mechanism to limit the effects of TRAIL
induced cell death. Further studies on the effects of TRAILshort in other disease states are
warranted.
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INTRODUCTION

The Human Immunodeficiency Virus (HIV) causes disease by killing CD4 T cells and other
immune cells, ultimately leading to immunodeficiency. Through evolution, humans have
developed innate immune sensing mechanisms to respond to viruses, many of which are
mediated by Toll-like receptor (TLR) pathways. TLR activation induces transcriptional
upregulation of interferon-stimulated genes (ISG), which act to enhance innate host defense
mechanisms. One such immune effector pathway is the TRAIL-TRAIL receptor axis.
Importantly, uninfected CD4 T cells undergo HIV-induced death in addition to infected cells.
While the death of infected cells is advantageous by controlling viral replication, the death
of uninfected CD4 T cells is disadvantageous to the host and contributes to
immunodeficiency.

Diverse mechanisms contribute to the death of uninfected cells, including inappropriate
immune activation, cytotoxic effects of viral proteins, and enhanced expression of pro-
apoptotic ligands such as tumor necrosis factor (TNF), Fas Ligand and TNF-Related
Apoptosis-Inducing Ligand (TRAIL) (1).

The normal function of TRAIL is as an immune effector mechanism, to promote the
eradication of malignant or infected cells (2), and therefore has been proposed as an
immunotherapeutic for malignant and infectious diseases. TRAIL can bind to four
membrane-bound receptors, yet ligation to only two of these receptors, TRAIL-R1 (DR4)
and TRAIL-R2 (DR5), trigger activation of cell death (3—-6). TRAIL binding TRAIL-R3 and
TRAIL-RA4 fails to induce apoptosis, due to the absence of a cytoplasmic Death Domain
(DD) in TRAIL-R3 and truncation of the cytoplasmic DD in TRAIL-R4 (7, 8). TRAIL and
the death inducing TRAIL-R1 and -R2 belong to the ISG family, and consequently are
expressed following stimulation of TLRs, interferons (9, 10), and a variety of pro-
inflammatory cytokines (e.g., IFN-a, IFN-B, IFN-vy, IL-2, TNF-a) (11-14).

There is an increasing body of literature which suggests that TRAIL is involved in the
immunopathogenesis of HIV induced immunodeficiency. The HIV envelope protein gp120
promotes acquired sensitivity of T cells to TRAIL-mediated apoptosis through upregulation
of TRAIL-R1 and R2 (15). In humanized mouse models, HIV infection in the presence of an
anti-TRAIL antibody causes reduced uninfected CD4 T cell apoptosis (16), suggesting that
TRAIL mediates uninfected CD4 T cell death. Internally consistent with that finding and the
known association of high viremia with accelerated CD4 losses (17), plasma levels of
soluble TRAIL are increased in HIV-infected patients, proportional to viral load (18). In
patients who experience immune recovery in response to antiretroviral therapy (ART),
increases in CD4 T cell counts correlate with decreased expression of TRAIL and TRAIL-
R2 on CD4 T cells (18, 19), while poor CD4 T cell recovery following ART is associated
with high TRAIL R1 expression (20). Furthermore, TRAIL has been implicated in the
apoptotic death of uninfected CD8 T cells and B cells in HIV-infected patients (20-24).
Thus, TRAIL-mediated signaling likely contributes to the cytopenias which occur in
untreated HIV infection.
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HIV-infected cells may also acquire resistance to TRAIL-induced killing. CD4 T cells from
HIV-infected patients and been shown to acquire a TRAIL-resistant phenotype despite
expression of death-inducing TRAIL receptors R1 and R2 (25-27). Despite this, treatment
of cells from HIV positive patients with high doses of TRAIL can overcome this resistance
and eradicate HIV infected cells (23, 28, 29). These observations led us to discover
TRAILshort, a splice variant of TRAIL that is produced following HIV infection and acts as
a decoy ligand and TRAIL antagonist (30). TRAILshort is abundant in the supernatant of
HIV-infected cell cultures and in the plasma of untreated HIV-infected patients (30).
TRAILshort is expressed by both HIV-infected cells and uninfected cells, in response to
both type 1 interferon stimulation and Toll like receptor stimulation (30, 31). In plasma,
TRAILshort is found within circulating extracellular vesicles, affording it the ability to not
only protect cells producing TRAILshort from TRAIL-mediated killing (31), but to confer
TRAIL resistance upon neighboring, non-TRAILshort-producing, cells (31). Because
TRAILshort is both necessary and sufficient to cause TRAIL resistance, we have speculated
that its presence might limit death of HIV infected cells, thereby favoring HIV persistence,
and also limit death of uninfected cells (30, 31).

In the current report we evaluate, using three independent means, the effect of TRAILshort
on immune cell homeostasis during HIV infection, and discover that knockdown, knockout
or inhibition of TRAILshort increases HIV-induced CD4 T cell death, of both infected and
uninfected cells.

METHODS
CONTACT FOR REAGENT AND RESOURCE SHARING

Further information and requests for reagents should be directed to, and will be fulfilled by
the corresponding author Andrew D Badley (Badley.andrew@mayo.edu).

Cell Culture—All cells were cultured at 37°C in an atmosphere containing 5% CO,. Jurkat
human T cells were obtained from American Type Culture Collection (Manassas, VA) and
maintained in RPMI 1640 (Gibco) with 10% fetal bovine serum and 2 mM glutamine at a
concentration of <108 cells/mL. Uninfected primary peripheral blood mononuclear cells
(PMBC) were isolated from donor apheresis cones using density gradient centrifugation
(32). Primary uninfected CD4 T cells were isolated by negative selection using RosetteSep™
Human CD4 T cell Enrichment Kit (StemCell Technologies, Seattle, WA) according to the
manufacturer’s protocol.

Ethics Statement—All human samples (PBMCs) were obtained according to institutional
review board (IRB)-approved protocols in compliance with institutional and federal
regulations.

TRAILshort Knockdown—Jurkat T cells were transfected with the pcDNA 6.2-GW/
EmGFP-miR plasmid carrying the Blasticidin resistance gene (Invitrogen, Carlsbad, CA)
expressing shRNA targeting exon 1 of TRAIL
(GATCACGATCAGCACGCAGGTCGTTTTGGCCACTGACTGACGACCTGCGCTGATC
GTGAT), or control
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(GAAATGTACTGCGCGTGGAGACGTTTTGGCCACTGACTGACGTCTCCAC
GCAGTACATTT), supplied by Invitrogen or transduced with lentivirus (Mission pLKO.1-
puro, Sigma, St. Louis, MO) carrying puromycin resistance and containing an siRNA that is
specific for TRAILshort by targeting the exon 2/5 splice junction of TRAIL
(GAAAGACTCCAAGAATGAA) or a non-targeting control (Sigma Mission pLKO0.1-puro
Non-Target shRNA Control, SHC016V). This shRNA control is predicted not to target any
known mammalian protein. After transfection, the TRAIL KD shRNA cells were cultured in
RPMI 1640 with 10% FBS and 2 mM glutamine plus 10 pug/mL blasticidine (ThermoFisher)
for 14 days before culturing in a 96 well plate at an average cell density of 0.5 cells/well.
After 20 days, one clone (E3) was selected and assessed for GFP expression (>90% by
fluorescent microscopy). The cells were cultured and maintained in the presence of 10
pg/mL blasticidine, which was removed from the medium 48 hours before any experimental
procedure. For lentivirus transduction, Jurkat cells were incubated with the lentivirus at a
multiplicity of infection (MOI) ~10 for 4 hours at 37°C, then washed 2x with medium and
cultured for 14 days in RPMI with 10% FBS and 2 mM glutamine plus 2 pg/mL puromycin
(Millpore Sigma). The cultures were found to be greater than 95% GFP+. The cultures were
maintained in a medium containing 2 ug/mL of puromycin, which was removed from the
medium at least 48 hours before any experimental procedures.

TRAILshort Knockout by CRISPR-Cas9—Genome editing of TRAILshort (TNFSF10
gene, NM_003810) knockout mutation of Jurkat cell lines (ATCC # TIB-152) was
contracted through Synthego (Synthego, Redwood City, CA). Briefly cells were test negative
for mycoplasma. Guide RNAs (gRNAS) were selected based on high specificity, high
activity and propensity to create premature stop codons via frame-shifts in the coding region
though insertions or deletions on exon 2 of TRAIL. Based on off-target analysis, modified
gRNAs were chosen: TNFSF10+172514928 [TCATACTCTCTTCGTCATTG (GGG)-PAM]
or TNFSF10+172514997 [TGGAGTACTTGTCCTGCATC (TGG)-PAM), and transfected
using nucleofection protocol. The editing efficiency of Jurkat transfected cells confirmed via
PCR and Sanger sequencing followed by then single-cell colonies were grown for three to
four weeks. After single cells colonies expansion, cells genomic DNA extracted PCR
amplify the edited site, sequence using Sanger sequencing and analysis the data using
Synthego Inference of CRISPR Edits (ICE) tool. Based ICE analysis two knockout jurkat
clone [Clone 114 contains a homozygous (—13) knockout and Clone B20 contains a
homozygous (+1) knockout] is selected and confirmed the knockout within the TRAIL exon
2. CRISPR knockout and parental wild type cells was validated by flow cytometry using
TRAILs-CF555 (TRAILSs clone 2.2)(30) and also using western blot with specific
antibodies.

In vitro HIV-1 Infections—Jurkat T cells were infected with either the laboratory-adapted
strain HIV-111B (obtained from the NIH AIDS Reagent Program) or VSVG-pseudotyped
pNL4.3-nef-Vpr-A env-GFP virus (33) for 18 hours at 37°C at a concentration of 24 ng HIV
p24 for 10x106 cells, then washed with medium 2x and cultured in RPMI 1640 with 10%
FBS and 2mM glutamine. “Low MOI” experiments were performed with 5 to 10 fold less
virus. Cultures were monitored for viability using trypan blue exclusion, and supernatants
and/or cells were harvested at regular intervals for p24 analysis and proviral DNA content.
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Culture medium was replaced as needed. Primary CD4 T cells or primary PBMCs were
infected in a similar manner after activation with phytohemagglutinin (PHI, 2 ug/mL) and
interleukin-2 (IL2, 50 1U/mL). Cell culture supernatants were assayed for HIV-1 p24 levels
by ELISA (Zeptometrix, Buffalo, NY) according to the manufacturer’s protocols. HIV-1
cell-associated proviral DNA was measured using a digital droplet (dd) PCR assay, which
measures total cell-associated HIVV DNA, and has a detection limit of 45 copies/million cells
(34), and results were expressed as HIV polymerase copies per 106 viable cells.

Cell Mixing Experiment—106 parental Jurkat cells were added separately to 106 of
Jurkat cells expressing the control ShRNA (GFP+) or TRAILshort-KD shRNA (GFP+). The
cells were infected with HIV 111B and cultured at 37°C. Cells were harvested at regular
intervals, washed with PBS, and stained with Live/Dead aqua stain (Invitrogen) before
fixation with 2% paraformaldehyde. The percent of viable GFP+ cells in the total viable
population was assessed by flow cytometry for each culture.

Flow Cytometry—PBMCs were stained for cell subsets using the following antibodies:
Alexa Fluor 700 mouse anti-human CD3 (BD Pharmingen™/Clone: SP34-2), FITC mouse
anti-human CD4 (BD Pharmingen™/Clone: OKT4), Pacific Blue mouse anti-human CD8
(BD Pharmingen™/Clone: RPA-T8), BUV805 mouse anti-human CD14 (BD Horizon™/
Clone: M5E2), BUV 395 mouse anti-human CD19 (BD Horizon™/Clone: SJ25C1), APC
anti-Hu CD56 (NCAM) (Invitrogen/Clone: TULY56). The mouse monoclonal anti-
TRAILshort-specific antibody was developed in the Mayo Antibody Core facility as
previously described (30). Intracellular staining for active caspase 3 was performed as
described (33). Additional antibodies include mouse anti-TRAIL-R1 (B-N36 PE Cell
Sciences) and mouse anti-TRAIL-R2 (B-K29 PE Cell Sciences). Flow cytometry was
performed on BD LSR Fortessa flow cytometer. The results were analyzed with FlowJo
v10.2 software (Tree Star, Inc, Ashland OR).

Viability Assays—Cell viability, assayed by FACS analysis, was performed using TUNEL
staining (Roche /n Situ Cell Death Detection TMR Red) or Live/Dead stain (Invitrogen) per
the manufacturer’s instructions. Cell viability by ATP content was measured using the Cell
Titer-GloViability kit (Promega, Madison, WI) per the manufacturer’s instructions. Live cell
imaging was performed using the IncuCyte System (Essen Bioscience) by plating 10,000
cells/well for Jurkat T cells or 20,000 cells/well for primary CD4 T cells; cell death was
assessed using either the Cytotox Red reagent or Active Caspase 3/7-Green reagent (Essen
Bioscience, Ann Arbor, MI). Live cell imaging data was analyzed using IncuCyte Zoom
software (v 2016B).

Western Blot and Immunoprecipitation Assays—Jurkat cells were harvested from
culture, centrifuged at 200xg for 5 minutes, washed with cold PBS, centrifuged again at
200xg for 5 minutes, then placed on ice and resuspended in cold lysis buffer (20 mM
Tris/HCI pH 7.2, 150 mM NacCl, 0.1% NP40, 0.1% CHAPS, plus protease inhibitors
aprotinin, leupeptin, pepstatin, and PMSF) for 5 to10 minutes. The lysate was then
centrifuged at 400xg for 5 minutes to pellet nuclei. The supernatant was transferred to a new
tube. For Western blotting, the following antibodies were used: mouse anti-TRAILSs clone 2
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(Mayo Hybridoma Core); mouse anti-human CD253 (TRAIL) (BD Pharmingen, San Jose,
CA); rabbit anti-DR5 (D4E9, Cell Signaling Technology, Danvers, MA); goat anti-Actin
(1-19, HRP, Santa Cruz Biotechnology, San Jose, CA). 400 pg of cytosol was used for each
immunoprecipitation reaction (2 ug anti-caspase 8, Millipore, Burlington, MA) or pull down
(2 ug DR5-Fc, R&D systems, Minneapolis, MN) with 10 uL Gammabind Plus protein A/G
agarose in 200 pL of lysis buffer. Reactions proceeded overnight at 4°C. The agarose beads
were centrifuged and washed 2x with cold lysis buffer. Wash solution was aspirated, 10 pL
of 2x Laemmli sample loading buffer was added, and beads were heated at 90°C for 3
minutes to release bound proteins. The proteins were harvested and run on PAGE before
transferring to PVDF membrane for Western blotting.

QUANTIFICATION AND STATISTICAL ANALYSIS

RESULTS

Descriptive statistics are generally presented as means +/- standard deviation (SD) unless
otherwise noted. Parametric or non-parametric statistical tests were used as appropriate and
are listed in the respective figure legends. Statistical significance was accepted when P<0.05.
Statistical analysis was performed using GraphPad Prism 6 (GraphPad, Inc).

TRAILshort Knockdown Enhances TRAIL Sensitivity and Alters T Cell Viability Following
Acute HIV Infection in vitro.

Having previously shown that TRAILshort is expressed by HIV-infected and uninfected
cells, and prevents TRAIL from killing TRAIL receptor expressing cells (30, 31), we
hypothesized that TRAILshort production limits HIV-induced cell death. To assess the
impact of TRAILshort on T cell dynamics during acute /7 vitro HIV infection, we used
Jurkat T cells transfected with lentiviral ShRNA constructs to inhibit the expression of
TRAILshort. The mRNA encoding TRAILshort consists of exon 1 and exon 2 of the TRAIL
gene, along with a 30 nucleotide sequence from exon 5 (30). Because of the sequence
overlap between full-length TRAIL and TRAILshort, we specifically targeted ShRNA
against the splice junction to achieve specific knockdown of TRAILshort expression as
against full-length TRAIL. We identified a construct that reduced TRAILshort protein
expression by about 60%, as estimated by densitometry, yet minimally affected expression
of full-length TRAIL protein (Figure 1A). In addition the TRAILshort knockdown
(TRAILshort KD) did not affect expression of TRAIL, nor TRAIL receptors 1 and 2 (Figure
1B). The resulting TRAILshort KD cells displayed enhanced susceptibility to TRAIL-
mediated killing compared to cells expressing the control shRNA (Control LV), as evidenced
by TUNEL staining and reduced ATP content upon treatment with 2ng/ml SuperKiller®
TRAIL (skTRAIL, a recombinant, soluble human TRAIL oligomer, Enzo Life Sciences)
(Figure 1C and D). However, we observed no altered susceptibility to TRAIL receptor-
independent death when Jurkat T cells were exposed to hydrogen peroxide, confirming the
specificity of TRAILshort in TRAIL-receptor mediated cell death (Figure 1E).

Next, we assessed whether expression of TRAILshort affects susceptibility to HIV-induced
death. We used a bicistronic vector to co-express GFP with either TRAILshort KD or
Control LV. The resultant transfected cells showed normal viability (>95%) and similar
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doubling times as parental Jurkat T cells, (parental Jurkat T cells = 26.6 hours; TRAILshort
KD = 22.1 hours; Control LV = 29.4 hours). The cells co-expressing GFP and either
TRAILshort KD or Control LV were mixed in equal proportions with non-transfected GFP-
parental cells, and the pooled cells were infected with HIV (Figure 1F). We reasoned that if
TRAILshort did not alter cell survival following HIV infection, then, given the similar
doubling times, the proportion of transfected GFP+ cells relative to non-transfected cells
should remain constant at ~50% over time. Conversely, a change in the proportion of GFP+
cells over time would indicate an increased susceptibility of either cell types to HIV-induced
death. Over time, the proportion of GFP+ cells in the mixture remained nearly constant at
50% £10%. In contrast, the proportion of GFP+ viable cells steadily decreased to <10% on
day 7 post infection (P<0.0001), indicating that the cells containing TRAILshort KD were
more susceptible to death than either parental or control transfected cells upon acute HIV
infection. Thus, expression of TRAILshort confers a survival advantage on cells infected
with HIV.

We next assessed cell viability over time in GFP+ TRAILshort KD or Control LV cells
infected with a low MOI of HIV-I1I1B. Mock infected TRAILshort KD and Control LV cells
maintained viabilities of >95% over the entire period of observation. However, TRAILshort
KD cells infected with HIV-111B died at significantly greater rates than infected Control LV
cells (P<0.0001, Figure 1G). Furthermore, culture supernatant from HIV-infected
TRAILshort KD cells produced significantly less HIV-1 p24 compared to HIV-infected
Control LV cells (P=0.005, Figure 1H).

Antibody Neutralization of TRAILshort Increases T Cell Death Following Acute in vitro

Infection

Since genetic approaches to inhibit protein production can incur off-target effects, we
extended the results obtained with shRNA-based approach by neutralizing TRAILshort
using a monoclonal antibody specific for the C-terminus of TRAILshort (30, 31). We then
assessed cell death using Incucyte real time live cell imaging and a GFP labeled HIV
pseudovirus (see Methods). In this assay, cells are monitored every 2 hours over the 4 day
period of observation, and assessed for Green (productive HIV infection) and death using a
cyanine red nucleic acid which stains cells that have lost plasma membrane integrity. These
experiments were performed in the presence or absence of an anti-TRAILshort antibody or
an isotype control (Figure 2A). As expected, acute HIV infection increased the number of
dead cells compared to mock infection (Figure 2B). The addition of anti-TRAILshort
antibodies to HIV-infected cultures increased the number of dead cells compared to
untreated or isotype control treatment (Figure 2C, P<0.0001). We then took advantage of the
GFP-labeled virus to discern whether TRAILshort influences the death of cells infected with
HIV as opposed to bystander cells. Addition of anti-TRAILshort antibody significantly
enhanced death of both infected (GFP+) cells (Figure 2D, P<0.0001) and uninfected (GFP-)
HIV-exposed cells (Figure 2E, P<0.0001), implicating the involvement of TRAIL:TRAIL
receptor axis in the death of both HIV-infected and uninfected T cells.
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TRAILshort knockout Jurkat T cells have heightened sensitivity to TRAIL mediated killing,
absent TRAILshort production, and die at enhanced rates following acute HIV infection in

vitro.

Using CRISPR-Cas9, we generated TRAILshort knockout Jurkat T cells using sgRNA
guides targeting Exon 2 of TNFSF10 (Figure 3A). Expression of TRAILshort in response to
treatment with PMA was assessed in parental Jurkat cells (Jurkat-wt), and two knockout
clones (Jurkat-B20 and Jurkat-114) by western blot (Figure 3B) and flow cytometry (Figure
3C). For instance, 24 hour treatment of WT cells with PMA resulted in an increase in
TRAILshort expression from 6% to 15% (MFI increase from 644 to 784), but not in
TRAILshort KO cells (Figure 3C). This confirmed effective knockout of TRAILshort
expression in these two clones. We then compared sensitivity of cells to TRAIL mediated
killing between TRAILshort knockout cells and parental controls (Figure 3D). TRAILshort-
KO clone Jurkat-114 demonstrated enhanced death in response to exogenous TRAIL
(P<0.0001, Figure 3D) compared to parental WT cells.

We next questioned whether genetic knockout of TRAILshort would impact cell death in
acute HIV infection. Consistent with the knockdown approach noted above (see Figure 1),
and the antibody neutralization (see Figure 2), Jurkat-114 clone cells, which cannot make
TRAILshort, expressed more active Caspase 3/7 over time in response to HIV infection
compared to infected, parental control Jurkat-WT cells (P<0.0001, Figure 3E).

Anti-TRAILshort treatment of primary CD4 T cells infected with HIV-11IB augments cell

death

Using three independent methods, we have now shown that inhibition of TRAILshort in the
setting of acute HIV infection of a T cell line increases HIV-induced, and TRAIL-induced,
apoptosis. We next evaluated whether the same effect occurs in primary CD4 T cells (Figure
4A). Importantly, spontaneous apoptosis of uninfected primary CD4 T cells treated with
anti-TRAILshort antibody at doses up to 20 ug/ml did not differ compared to isotype control
treated cells (Figure 4B). On the other hand, treatment of HIV-111B infected primary CD4 T
cells with increasing doses of anti-TRAILshort antibody significantly increased apoptosis
(Figure 4C, P<0.0001). We next questioned whether this increased apoptosis was associated
with altered viral replication. Conceivably, increased apoptotic death of infected cells might
lead to fewer progeny virions being produced; alternatively, cell death associated with
caspase 8 activation (such as the TRAIL pathway) is known to activate NFkB through the
BCL10, MALT1, CARMA pathway (35-37) which would increase HIV replication.
Interestingly, HIV-1 p24 antigen concentrations in cell culture supernatant over time did not
differ from cultures treated with anti-TRAILshort antibody or isotype control (Figure 4D).

We next infected primary CD4 T cells with HIV-I1IB, and 24 hours later added a
combination of ART including enfuvirtide (T20), efavirenz (EFV), and raltegravir (RAL) to
inhibit viral replication and reduce exposure to soluble HIV proteins. Cell death was
monitored over time after the addition of the anti-TRAILshort antibody or isotype control.
The addition of anti-TRAILshort to the ART-treated, HIV-infected CD4 T cells caused more
cell death compared to untreated or isotype antibody treated cultures (Figure 4E, P<0.0001).
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Altogether, these data suggest TRAILshort functions to limit autocrine CD4 T cell apoptosis
that is mediated by the TRAIL:TRAIL receptor pathway.

DISCUSSION

Multiple pathways enable the human host to sense and respond to invading pathogens. Long-
term HIV infection is associated with sustained upregulation of type I IFN, which drives
transcription of interferon-stimulated genes (ISG) that regulate immune cell phenotype and
function. The innate and adaptive cellular immune systems function in large part through
NK cells and T cells; these cell types Kill infected cells through three non-exclusive effector
pathways: Fas Ligand, TRAIL and Perforin/granzyme B. TRAIL expression can be induced
on immune effector cells such as T and NK cells, while death-inducing TRAIL-R1 and -R2
can be induced on virtually all cell types in response to infection and other activating stimuli
(2). Together, the TRAIL:TRAIL receptor axis results in the destruction of infected (and
cancerous) cells (38). The relative contribution of these pathways in various disease states
remains unclear, yet several observations suggest that the TRAIL pathway is critical in both
infectious diseases and in cancer: TRAIL deficient mice have enhanced rates of lymphoid
and stromal tumor development, increased rates of metastasis (39-41) and worsened
outcomes from infections with influenza (42), pneumococcus (43) and West Nile Virus (44).
Furthermore, TRAIL has been implicated in HIV immunopathogenesis through killing of
both infected and uninfected CD4 T cells (reviewed in (2)).

A plethora of cellular survival mechanisms have been proposed to counter the effects of
TRAIL, including the expression of decoy versus death-inducing receptors (31, 45, 46),
elevated expression of antiapoptotic molecules such as FLIP and/or BCL2 family members
(47, 48), among others. It is recognized that some cells from HIV infected-donors that
express TRAIL R1 and R2 are paradoxically resistant to TRAIL (25-27), an effect that may
be mediated by TRAILshort (30, 31). TRAILshort is a transmembrane protein with an
extracellular C terminus, and is present within plasma and tissue culture supernatants within
extracellular vesicles(31). This latter property confers the ability of a cell producing
TRAILshort to protect a neighboring cell (that does not produce TRAILshort) from TRAIL-
induced killing (31).

In the current report, we have determined using three independent means that inhibiting
TRAILshort production or function during acute HIV infection reduces survival of HIV-
infected and bystander (uninfected) cells, extending our previous observations and
suggesting a physiologic function of increased TRAILshort production. On the one hand,
expression of TRAILshort may reduce CD4 T cell depletion, delaying HIV disease
progression, and therefore be a protective host response. On the other hand, TRAILshort-
mediated increased survival of HIV-infected cells could contribute to viral persistence,
preserving viral production, and at the same time ensuring survival of target CD4 T cells for
continued viral replication. The relevant contribution of these two potential functions of
TRAILshort to the natural history of HIV infection /n vivo warrants further investigation.

Also, understanding the expression of TRAILshort fundamentally impacts the interpretation
of TRAIL and TRAIL receptor expression, and argues that in different experimental systems
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and disease states, functional assessment of TRAILshort involvement is required.
Specifically in the case of HIV infection, it is now apparent that multiple stimuli induce
TRAIL expression on CD4 T cells, monocytes and plasmacytoid dendritic cells (9-14).
Similarly, immune activation causes upregulation of death inducing TRAIL receptors 1 and
2 on both HIV infected and uninfected cells (25-27). Alone these data would suggest that
TRAIL dependent pathways might kill and eliminate HIV infected cells, thereby eradicating
them. Only with the understanding that TRAILshort is also produced does it make sense that
such infected cells are not killed, and thus HIV infected cells persist.
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KEY POINTS

TRAIL binding to TRAIL receptor (R)1 and R2 contributes to CD4 death
during HIV infection.

Blocking TRAILshort, a TRAIL antagonist increases death of HIV infected
and uninfected cells.

Homeostatic production of TRAILshort may protect cells from HIV-induced
cell death.
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Fig 1. TRAILshort Knockdown Enhances TRAIL Sensitivity and Alters T Cell Viability
Following Acute HIV Infection in vitro.

(A) Jurkat T cells were transduced with lentiviral vectors containing control or TRAILshort-
targeting ShRNA, and assessed for expression of TRAIL and TRAILshort by western blot.
(B) Surface expression of full-length TRAIL, TRAIL-R1 and TRAIL-R2 was assessed by
flow cytometry. Shaded area indicates isotype control staining. (C) Control LV or
TRAILshort KD Jurkat T cells were treated with control or skTRAIL and assessed for
apoptosis by TUNEL staining. (D) Transduced cells treated as in (C) assessed for ATP
content in the presence of increasing concentrations of SkTRAIL. (E) Transduced cells were
assessed for ATP content in the presence of increasing concentrations of hydrogen peroxide.
(F) Control LV cells or TRAILshort KD cells were mixed 50:50 with parental Jurkat cells,
infected with HIV-111B, and assessed for survival over time by flow cytometry. (G) Control
LV cells or TRAILshort KD cells were infected with a low MOI of HIV-I1IB and viability
assessed over time by LIVE/Dead staining flow cytometry. (H) Culture supernatant HIV-1
p24 was measured from cells treated as in (G). Data represent mean values for 2 (panels C,
D, and E) or 3 (F and G) independent experiments. P values were determined by linear
regression.
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Fig 2. Antibody Neutralization of TRAILshort Increases T Cell Death in Productive in vitro HIV

Infection

(A) Jurkat T cells were mock infected or infected with a VSVG-pseudotyped HIV
expressing GFP, and treated with anti-TRAILshort antibody (clone 2.2) or isotype control,
and incubated for 4 days. (B) Cell death was measured in mock- and HIV-infected cells over
time by live cell imaging. (C) Cell death was measured in HIV-infected cells in the presence
and absence of anti-TRAILshort antibody or isotype control. (D) Cell death in GFP+
(infected) cells was measured as in (C). (E) Cell death in uninfected cells was measured as
in (C). Data represents mean + SD for 5-6 replicates from one experiment, representative of
at least two independent experiments. P values were determined by linear regression.
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Fig 3. TRAILshort Knockout Increases TRAIL Sensitivity and T Cell Apoptosis Following Acute
HIV Infection in vitro.

(A) Strategy for CRISPR interruption of Exon 2 of TRAIL (TNFSF10). (B) TRAILshort
expression in response to stimulation with phorbol 12-myristate 13-acetate (PMA) was
assessed by western blot in parent Jurkat cells (Jurkat-wt) or two TRAILshort-KO clones
(B20 and 114). (C) Surface TRAILshort expression in similarly treated cells was assessed by
flow cytometry. (D) Jurkat-wt and Jurkat-114 cells were treated with vehicle control or
skTRAIL (1 ng/ml) and assessed for active Caspase 3/7 expression over time by live cell
imaging. (E) Jurkat-wt and Jurkat-114 cells were mock-infected or infected with HIV-111B,
and and assessed for active Caspase 3/7 expression over time by live cell imaging. Data
represents mean + SD for 5-6 replicates from one experiment, representative of at least three
independent experiments. P values were determined by linear regression.
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Fig 4. Antibody Neutralization of TRAILshort Increases primary CD4 T Cell Death in
Productive and Non-Productive in vitro HIV Infection.

(A) Primary CD4 T cells were mock infected or infected with HIV-I11B, and treated with
anti-TRAILshort antibody (clone 2.2) or isotype control for 6 days. (B) Cell death was
measured in mock infected cells with or without TRAILshort antibody or isotype control
over time by live cell imaging. (C) Cell death was measured in similarly treated, HI\V-111B
infected cells. (D) HIV-1 p24 antigen was measured in cell culture supernatants over time.

(E) Cell death in HIV-infected CD4 T cells, in

the presence of ART (T20, EFV, RAL),

treated with anti-TRAILshort antibody, isotype control, or vehicle, was measured as in (B).
Data represents mean + SD for 5-6 replicates from one experiment, representative of at least
three independent experiments. P values were determined by linear regression.
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