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Abstract

Design—We have previously shown that IFN-a stimulation augments direct natural Killer (NK)
cell lysis of autologous CD4* primary T cells infected with certain HIV-1 isolates based upon
major histocompatibility complex class 1 (MHC-1) downregulation capacity. Here, we
investigated if antibody-dependent cellular cytotoxicity (ADCC) could trigger lysis of HIV-1
isolates that were resistant to direct NK lysis and if IFN-a prestimulation of NK cells could
further enhance ADCC.

Methods—Using broadly neutralizing monoclonal antibodies against gp120 (VRCO1 or PGV04)
or plasma from HIV-1-infected patients (ART-suppressed or elite controller) to trigger ADCC, we
measured NK cell chromium release cytotoxicity against HIV-1-infected autologous CD4*
primary T cells and NK cell CD107a degranulation against gp120-coated CD4* T cells. Total or
NK-depleted peripheral blood mononuclear cells were used as effectors in the presence or absence
of IFN-a prestimulation.

Results—Plasma from HIV-1-infected patients and monoclonal antibodies against gp120 could
trigger NK-dependent ADCC lysis of viral isolates that were resistant to direct NK cell lysis
following IFN-a stimulation. In contrast, viral isolates that exhibited potent MHC-I
downregulation capacity could be lysed by NK cells through either IFN-a stimulated direct
cytotoxicity or through ADCC. When utilized in combination, IFN-a prestimulation significantly
augmented ADCC lysis of HIV-1-infected target cells and increased NK cell CD107a
degranulation against gp120-coated ADCC targets (£ <0.05, 77=6).

Conclusion—HIV-1 isolates with lower MHC-I downregulation capacity are resistant to direct
lysis following IFN-a stimulation but retain sensitivity to ADCC. IFN-a presti-mulation can

Correspondence to Dr Luis J. Montaner, HIV Immunopathogenesis Laboratory, Wistar Institute, 3601 Spruce Street, Room 480,
Philadelphia, PA 19104, USA. Tel: +1 215 898 3934; fax: +1 215 573 9272; Montaner@wistar.org.

Conflicts of interest

The article is not currently submitted or accepted elsewhere. All authors have approved the content of this manuscript and fulfilled the

criteria for authorship. The authors have no conflicts of interest and no writing assistance was utilized in the preparation of this
manuscript.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tomescu et al.

Page 2

significantly increase NK-mediated clearance of HIV-1-infected target cells by both ADCC and/or
direct cytotoxicity depending on MHC downregulation status.
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Introduction

The ability of natural killer (NK) cells to discriminate between normal and abnormal cells
involves complex interactions between inhibitory and activating NK cell receptors [1-4].
Under physiological conditions, the binding of inhibitory NK cell receptors such as
NKG2A, LIR/ILT2, and killer immunoglobulin-like receptors (KIRs) to autologous major
histocompatibility complex class I (MHC-I) molecules induces negative regulatory signals
that switch off NK cells [5-8]. Heterologous target cells expressing mismatched MHC-I
ligands lead to reduced NK inhibitory receptor signaling that artificially increases their
target cell sensitivity to NK cell lysis. In contrast, an autologous NK assay system represents
the most physiologically relevant in-vitro model for measuring NK activity due to the
complete match between MHC-I alleles on target cells and inhibitory receptors on NK
effector cells [9-11]. However, previous research has shown that HIV-1-infected autologous
CD4* primary T cells remain largely resistant to direct NK lysis /7 vitro due to viral
strategies of immune evasion such as selective MHC-1 downregulation [9,12,13].

Following the reduction of inhibitory signals, NK cells also require the engagement of
activating receptors to trigger the killing of susceptible target cells. Examples of activating
NK cell receptors include the NKG2D receptor that recognizes stress-induced ligands,
activating KIRs lacking inhibitory motifs, the natural cytotoxicity receptor family (NKp46,
NKp30, and NKp44) which directly recognize viral or cellular antigens, and the Fc-yllI
receptor (CD16) which mediates antibody-dependent cellular cytotoxicity (ADCC) [14-17].
Cytokines such as IL-2, IL-12, IL-15, IL-21, or IFN-a can also augment lysis of susceptible
targets cells by preactivating NK cells [18-20].

We have previously shown that NK cytotoxicity against autologous HIV-1-infected CD4*
primary T cells can be triggered by IFN-a pretreatment [21] in a MHC-I downregulation-
dependent process that requires the NK-activating receptors NKp46 and NKG2D [22]. Here,
we identified that HIV-1 isolates with lower MHC-I downregulation capacity (111B and
NL4-3) were resistant to direct lysis following IFN-a stimulation but retained sensitivity to
ADCC. We also identified that IFN-a prestimulation could further increase NK-mediated
ADCC lysis of autologous HIV-1-infected CD4* primary T cells in the presence of
antibodies against the HIV-1 gp120 viral envelope protein including the broadly neutralizing
antibody VRCO1 or plasma from HIV-1-infected patients.

AIDS. Author manuscript; available in PMC 2018 May 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tomescu et al.

Page 3

Materials and methods

HIV-1 infection and gp120 coating

Peripheral blood mononuclear cells (PBMCs) were isolated from 20 healthy uninfected
donors according to informed consent and Institutional Review Board approval from The
Wistar Institute. PBMCs were stimulated for 3 days with 10 pug/ml PHA-p (Sigma Aldrich,
St. Louis, Missouri, USA) and 100 1U/ml hlL-2 (PeproTech, Rocky Hill, New Jersey, USA).
CD4" primary T cells were isolated by positive selection using anti-CD4* magnetic beads as
described by the manufacturer (Miltenyi Corporation, San Diego, California, USA). For
coating experiments, 1 x10° uninfected CD4* primary T cells were coated with 1 pg gp120
from the HIV-1 11IB isolate (ProSpec Protein Specialists, New Jersey, USA) for 30 min. For
HIV-1 infection, 5 x106 activated CD4™ T cells were spinfected with 150 ng of p24
containing supernatant of the CXCR4-tropic HIV-1 isolates 111B, NL4-3, or 96USH-1PS9
(SHIP) as previously described [21]. If infection levels were not above 50% at day 4
postinfection (as determined by intracellular p24 positivity through flow cytometry), we
enriched HIV-1-infected cells that downregulated the CD4™ receptor during infection by
removing uninfected CD4* T cells using anti-CD4" depletion magnetic beads (Miltenyi
Corporation) as previously described [9].

Flow cytometry

All antibodies were obtained from BD Biosciences (San Jose, California, USA) unless
otherwise noted and used at the recommended dilution of 0.25 g antibody/million cells.
Cell surface staining for the CD69 activation marker and the CD16 Fcylll receptor was
carried on CD56%/ CD3™ gated NK cells with gates set upon isotype control. Cell surface
staining for gp120 on uninfected, HIV-1 infected, or gp120-coated CD4* T cells was carried
out using a 1 : 1000 dilution or plasma from a representative HIV-1-infected elite controller
patient (viral load <50 copies/ml, ART-naive) followed by detection with a phycoerythrin
(PE)-conjugated goat secondary antibody to the Fc portion of human IgG. For intracellular
staining of the HIV-1 p24 gag protein, CD4* primary T cells were permeabilized with the
Cytofix/Cytoperm kit (BD Biosciences) and stained with the antip24 KC57 FITC antibody
(Beckman Coulter, Brea, California, USA) as described by the manufacturer. Samples were
collected on a LSRII Cytometer and were analyzed with FlowJo software (Tree Star Inc.,
Ashland, Oregon, USA).

Natural killer chromium release cytotoxicity assay

HIV-1-infected and uninfected CD4* primary T cells were generated over a 7-day period as
described above. On the day of chromium lysis assay, HIV-1-infected and uninfected CD4*
primary T cells were labeled with 100 uCu Nay®1Crq,4 for 3 h. For experiments in which
ADCC was compared with CpG oligodeoxynucleotides (CpG)-induced IFN-a stimulation
(Fig. 1), PBMCs were stimulated for 18 h in the presence or absence of 10 pg/ml CpG-ODN
2216 to induce endogenous IFN-a production, washed, and then incubated with chromium
labeled autologous HIV-1-infected or uninfected CD4* primary T cells at a 100 : 1 effector/
target cell ratio for 4 h. Plasma from a representative HIV-1-infected ART-suppressed patient
(used ata 1 : 1000 final concentration) was added to target cells 30 min prior to and during 4
h cytotoxicity assay to induce ADCC. For additive experiments in which IFN-a was added
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to ADCC (Fig. 2), PBMCs were stimulated for 18 h in the presence or absence of 5000 U/ml
IFN-a,, washed, and then incubated with chromium labeled autologous HIV-1-infected and
uninfected CD4* primary T cells at a 25 : 1 effector/target cell ratio for 4 h. VRCO1 and
PGV04 monoclonal antibodies to the CD4*-binding site of gp120 (used at a 10 ug/ml final
concentration) or Plasma from a representative HIV-1-infected elite controller patient (used
ata1:1000 final concentration) was added to target cells 30 min prior to and during 4 h
cytotoxicity assay to induce ADCC. For NK depletion experiments, more than 99.5% of NK
cells were depleted from PBMCs using anti-CD56 magnetic depletion beads as described by
the manufacturer (Miltenyi Corporation). Percentage cytotoxicity was calculated as
previously described [21] and HIV-specific cytotoxicity was calculated as percentage
cytotoxicity of HIV-1 infected minus uninfected CD4" primary T cells.

Natural killer CD107a degranulation assay

PBMCs were stimulated for 18 h in the presence or absence of 5000 U/ml IFN-a, washed,
and then incubated with uncoated or gp120-coated autologous CD4* primary T cellsa 10 : 1
effector to target cell ratio in a standard 4-h degranulation assay in the presence of anti-
CD107a PE-conjugated mAb and 5 pg/ml mon-ensin. Plasma from a representative HIV-1-
infected elite controller patient (used at a 1 : 1000 final concentration) was added to target
cells 30 min prior to and during 4-h degranulation assay to induce ADCC. Degranulation
was measured on CD56%/CD3™-gated NK cells and the percentage of CD107a positive NK
cells following incubation with gp120-coated or uncoated CD4* primary T cells was
calculated after subtraction of background degranulation from the No Target Control (which
was incubated for 4 h with anti-CD107a PE-conjugated mAb, 5 pg/ml monensin, and a
1/1000 dilution of plasma from a representative HIV-1-infected elite controller patient but
without target cells).

Statistical analysis

Results

All graphic presentations and statistical analysis were performed with Prism software
(GraphPad Software, La Jolla, California, USA). In individual representative experiments,
error bars depict the SD. In composite graphs of multiple experiments, cross bars represent
the median and interquartile range. Statistical analysis of two groups was carried out with a
Wilcoxon matched pair, nonparametric ¢test. Statistical analysis of three groups was carried
out with a Kruskal-Wallis unpaired, nonparametric ANOVA or a Friedman matched pair,
nonparametric ANOVA with a Dunn Posttest. All Pvalues were two-sided with significance
of Pvalue less than 0.05.

Antibodies against HIV gp120 can trigger natural killer-mediated antibody-dependent
cellular cytotoxicity lysis of HIV-1-infected autologous CD4* T cells independently of MHC-I
downregulation

Previously, we observed that pretreatment of PBMC with the Toll-like receptor 9 ligand
CpG-2216, which induces endogenous IFN-a. secretion by plasmacytoid dendritic cells
(pDCs) [21], could activate NK cells and trigger lysis of HIV-1-infected autologous CD4*
primary T cells. However, CD4* primary T cells infected with certain HIV-1 isolates like
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I11B and NL4-3 remained resistant to CpG-induced IFN-a-stimulated NK lysis (Fig. 1a) and
this was directly related to their limited ability to downregulate MHC-I proteins as compared
with primary HIV-1 isolates such as 96USHIPS9 (SHIP) (Fig. 1b). Here, we investigated if
HIV-specific antibodies against the gp120 (including naturally occurring antibodies from
HIV-1-infected plasma or broadly neutralizing monoclonal antibodies) could trigger NK-
mediated lysis of HIV-1-infected targets through ADCC regardless of MHC-1
downregulation capacity. We observed that lysis of SHIP or NL4-3 HIV-1-infected CD4*
primary T cells by unstimulated PBMCs was minimal, but could be increased substantially if
we added plasma from a representative HIV-1-infected ART-suppressed patient containing
naturally occurring antibodies against HIV-1 (Fig. 1c¢). NK depletion from PBMCs prior to
interaction with target cells showed that HIV-specific ADCC was NK-mediated (Fig. 1c).
Importantly, plasma from a representative HIV-1-infected ART-suppressed patient induced
NK-mediated ADCC against autologous CD4* primary T cells infected with either the
NL4-3 lab adapted or SHIP primary isolates despite dramatic differences in their ability to
downregulate MHC-I (Fig. 1c).

We next tested if broadly neutralizing antibodies to HIV-1 could also facilitate NK-mediated
ADCC against HIV-1-infected targets. As shown in Fig. 1d, the VRCO01 mAb against the
CD4"-binding site of gp120 could mediate ADCC against NL4-3-infected autologous CD4*
primary T cells, although to a lesser extent than HIV-1-infected patient plasma. In contrast,
another broadly neutralizing antibody also directed to the CD4*-binding site of gp120,
PGV04 (used at the same concentration of 10 pug/ml), did not show equal ADCC activity as
observed with VRCO1 (Fig. 1d). Together, these results show that HIV-1 isolates with lower
MHC-I down-regulation capacity such as NL4-3 are resistant to direct lysis following IFN-a
prestimulation but can be significantly lysed by ADCC (P<0.01, 7=8), whereas HIV-1
primary isolates like SHIP with strong MHC-1 downregulation capacity can be lysed through
either IFN-a stimulated direct cytotoxicity or ADCC (P <0.05, n=8) (Fig. 1e and f).

IFN-a stimulation augments antibody-dependent cellular cytotoxicity lysis of HIV-1-
infected autologous CD4* T cells

We next measured if IFN-a prestimulation could show an additive effect with ADCC in
increasing NK lysis of HIV-1-infected autologous CD4* primary T cells. We utilized plasma
from a representative elite controller patient and confirmed its HIV-1 specificity by Flow
Cytometric staining showing the naturally occurring antibodies in the plasma could only
stain HIV-1 infected or gp-120 coated CD4* primary T cells (black histogram) but not
uninfected or uncoated CD4* primary T cells (gray, shaded histograms) (Fig. 2a). We chose
the 111B viral isolate as it was resistant to IFN-a induced direct NK cytotoxicity but was
susceptible to ADCC (Fig. 2b), thereby allowing us to separate any potential stimulatory
effect of IFN-a on ADCC independent on its known effect on direct cytotoxicity. As shown
in Fig. 2c, we observed that ADCC lysis of 111B infected autologous CD4* primary T cells
increased following IFN-a prestimulation regardless of the antibody source utilized to
trigger ADCC including the VRCO1 broadly neutralizing mAb or plasma from an HIV-1-
infected elite controller patient (Fig. 2c). The increase in ADCC lysis mediated by HIV-
plasma following IFN-a prestimulation was significant (Fig. 2d, £<0.05, 7=6) and
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indicated that IFN-a can indeed increase ADCC activity by NK cells independent of its
ability to increase direct NK cytotoxicity.

IFN-a stimulation can augment natural killer degranulation against gp120-coated
autologous CD4" T cells and increase the frequency of NK cells mediating antibody-
dependent cellular cytotoxicity

To investigate how IFN-a could augment ADCC lysis, we first measured the surface
expression of the CD16 FcGamma receptor on NK cells and observed that CD16 levels were
unchanged on CD56*/CD3™ gated NK cells following IFN-a stimulation of PBMCs (Fig.
3a). In contrast, the CD69 activation marker was significantly upregulated (£ <0.001, 7=15)
on CD56*/CD3™ gated NK cells following IFN-a stimulation (Fig. 3b). This data suggested
that IFN-a did not increase ADCC by altering the CD16 receptor that triggers ADCC but
rather increased the number of activated NK cells that could mediate ADCC. To investigate
this possibility further, we utilized a flow cytometry—based CD107a degranulation assay to
quantify the percentage of CD56*/CD3~ gated NK cells mediating ADCC from PBMCs
incubated with or without IFN-a.. As target cells, autologous CD4" primary T cells were
coated with exogenous HIV-1 envelope gp120 protein and ADCC was triggered with plasma
from the same representative HIV-1-infected elite controller patient utilized earlier. After
subtraction of No Target Control background (gray, shaded histogram), CD56*/CD3~ gated
NK cells exhibited strong ADCC-induced CD107a degranulation (19.2%) against gp120
coated autologous CD4™* primary T cells in the presence of HIV-plasma, whereas uncoated
CD4" primary T cells incubated with HIV-plasma led to minimal CD107a degranulation
(2.91%) over the No Target Control background (Fig. 3c and d). Following IFN-a
stimulation, the percentage of CD56*/CD3™ gated NK cells exhibiting ADCC-induced
CD107a degranulation against gp120-coated autologous CD4* primary T cells increased
over the IFN-a stimulated No Target Control background (29.8%), whereas the no such
increase was observed with uncoated autologous CD4* primary T cells over the IFN-a
stimulated No Target Control background (3.13%) (Fig. 3c and d). The increase in ADCC-
triggered CD107a degranulation (with gp120-coated CD4* primary T cells) following IFN-
a stimulation was significant (2 <0.05, 7=6) and not observed with uncoated CD4* primary
T cells (Fig. 3e). Together, these data show that the ADCC enhancement effect of IFN-a is
mediated through an increase in the percentage of NK cells engaged in ADCC target cell
recognition and degranulation.

Discussion

We have previously shown that IFN-a prestimulation can augment direct NK cell lysis of
HIV-1-infected autologous CD4* primary T cells in a MHC-I down-regulation-dependent
process [21] through the NK activating receptors NKp46 and NKG2D [22]. Here, we now
show that IFN-a prestimulation can also independently increase the NK-mediated ADCC
activity (induced by broadly neutralizing monoclonal antibodies to gp120 or endogenously
produced antibodies from HIV-1-infected plasma) against HIV-1-infected autologous CD4*
primary T cells. This finding was corroborated by our flow cytometry—based NK cell
CD107a degranulation results showing that the percentage of NK cells mediating HIV-
specific ADCC degranulation against gp120-coated CD4™ target cells was significantly
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increased following IFN-a prestimulation. Overall, our findings suggest that in addition to
increasing direct NK cytotoxicity of autologous HIV-1-infected CD4" primary T cells, IFN-
a can also enhance clearance of HIV-1-infected target cells by NK-mediated ADCC in the
presence of naturally occurring HIV-specific antibodies or broadly neutralizing monoclonal
antibodies to gp120.

Another important finding of this article is our data showing that the addition of antibodies
against gp120 can trigger NK-mediated ADCC against HIV-1 viral isolates that exhibited
low (111B and NL4-3) or high (SHIP) sensitivity to IFN-a stimulated direct NK lysis based
upon MHC-I downregulation capacity. Previously, we have shown that circulating viral
isolates have differing abilities to downregulate MHC-I proteins and these differences
impact their ability to be recognized by NK cells [21]. Our results here now show that IFN-a
stimulation in conjunction with antibodies to mediate ADCC can help NK cells eliminate
infected cells by a wide variety of circulating viral isolates independently of differences in
their ability to downregulate MHC-I proteins.

Of note, plasma from HIV-1-infected patients triggered a better NK-mediated ADCC
response against HIV-1-infected autologous CD4* primary T cells compared with the
broadly neutralizing mAb, VRCO01 (Fig. 1d and Fig. 2c¢). This is not unexpected due the
polyclonal nature of envelope-specific antibodies in plasma as opposed to a mAb targeting
only one epitope of gp120. Nevertheless, VRCOL1 did trigger levels of ADCC activity that
was superior to another neutralizing antibody targeted to the CD4*-binding site of gp120,
PGV04, which was largely ineffective (Fig. 1d). Importantly, the increase in ADCC
responses following IFN-a prestimulation was observed regardless if ADCC was triggered
by HIV-1-infected patient plasma or VRCO01. These data suggest that broadly neutralizing
monoclonal antibodies have different abilities to induce ADCC and it will remain to be
determined how these differences may impact their activity when used as prevention or
immunotherapy [23]. Although both IFN-a.2 immunotherapy [24,25] and broadly
neutralizing antibodies [26] have been used individually in HIV-1-infected persons
interrupting ART, their combination has not yet been tested. Indeed, suppressing viral
replication without inhibiting HIV-1 expression from infected reservoir cells may increase
IFN-a antiviral effects on escape mutants via ADCC while also enhancing NK-mediated
direct clearance of infected cells that express stress molecules. It also remains to be
determined to what extent IFN-a. versus IL-15 prestimulated NK cells provide a more
effective effector response against autologous infected targets as IL-15 has been reported to
increase both NK detection of cancer lines and ADCC responses against gp-120-coated
targets [27].

In vivo, the correlation between NK responses, ADCC, IFN-a stimulation, and HIV-1
control is supported by several important observations; HIV-1-infected controllers have
retained pDC and NK function along with enhanced HIV-specific ADCC antibodies that are
associated with viral control [28-33], IFN-a immunotherapy results in suppression of viral
replication and leads to decreased cell-associated HIV-1 DNA integration in antiretroviral
therapy suppressed patients [24], genetic data have shown a consistent association between
certain NK cell Killer Inhibitory Receptor alleles of the KIR3DL1 locus with lower viral
loads and/or delayed progression to AIDS [34-36], and viremia in HIV-1-infected
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noncontrollers is associated with defective NK, pDC, and ADCC responses [37—-45]. Taken
together, our results show preclinical data that in addition to increasing direct NK
cytotoxicity, IFN-a can potentiate humoral pressure on HIV-1-infected target lysis via
ADCC. The cooperative role between NK cells, humoral ADCC responses, and IFN-a
stimulation in the elimination of HIV-1-infected cells supports the evaluation of NK-ADCC
activity as a mechanism that may contribute to HIV-1 control in absence of therapy, and
evaluation of novel immunotherapy strategies combining broadly neutralizing HIV-specific
monoclonal antibodies together with IFN-a. therapy to maximize immune control over
HIV-1.
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Fig. 1. Antibodies against HI'V gp120 can trigger natural killer-mediated antibody-dependent
cellular cytotoxicity lysis of HIV-1-infected autologous CD4* T cellsindependently of MHC-I
downregulation

(a) Composite data from multiple donors measuring HIV-specific lysis of 111B, NL4-3, or
96USHIPS9 (SHIP) infected autologous CD4" primary T cells by peripheral blood
mononuclear cells (PBMCs) following CpG-ODN 2216 stimulation at a 100 : 1 effector-to-
target cell ratio in a standard 4-h chromium lysis assay. A total 10 pg/ml CpG-2216 was
added to PBMCs 18 h prior to chromium lysis assay to stimulate plasmacytoid dendrtitic
cells to secrete endogenous IFN-a that activates natural killer cells and triggers cytotoxicity
[21]. CpG (IFN-a) induced lysis was calculated after subtracting lysis by unstimulated
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PBMCs from the same donor tested in parallel. HIV-specific cytotoxicity was calculated as
lysis of HIV-1-infected CD4* primary T cells minus background lysis of uninfected CD4*
primary T cells. Statistical analysis of three groups was carried out with a Kruskal-Wallis
unpaired, nonparametric analysis of variance (ANOVA) with a Dunn posttest and a two-
tailed Pvalue. (b) Composite analysis of HIV-specific MHC-I downregulation as determined
by measuring the percentage of HLA-A, B, and C expression on HIV-1 infected (p24
positive cells) in each experiment relative to mock uninfected cells (set at 100%). PHA/IL-2
stimulated CD4* primary T cells were infected with either laboratory adapted (111B or
NL4-3) or primary (SHIP) HIV-1 isolates for 4 days, stained with antibodies to MHC class |
(pan W6/32), and permeabilized for intracellular p24 expression by flow cytometry.
Statistical analysis of three groups was carried out with a Kruskal-Wallis unpaired,
nonparametric ANOVA with a Dunn posttest and a two-tailed Pvalue. (c) 4-h standard
chromium release assay measuring the ability of total or natural killer—depleted (=) PBMCs
to mediate antibody-dependent cellular cytotoxicity (ADCC) lysis against uninfected
(white), HIV-1 NL4-3 (light gray), or HIV-1 SHIP infected (black) autologous CD4*
primary T cells at a 100 : 1 effector-to-target cell ratio in the presence or absence of a 1/1000
dilution of plasma from a representative HIV-1-infected ART-suppressed patient. (d) ADCC
chromium release assay measuring the percentage cytotoxicity of uninfected or NL4-3-
infected autologous CD4™" primary T cells by PBMCs at a 100 : 1 effector/target ratio in the
presence or absence of 10 pg/ml PGV04 or 10 pg/ml VRCO1 monoclonal antibodies to
gp120 or a 1/1000 dilution of plasma from a representative HIV-1-infected ART suppressed
patient (HIV plasma) to trigger ADCC. (e and f) Composite data from multiple donors
measuring HIV-specific natural killer lysis of NL4-3 (e) or SHIP (f) infected autologous
CD4" primary T cells in the presence of different stimuli. Direct lysis in the absence of
stimulation (no stim) was compared with 10 pg/ml CpG-2216 (IFN-a) induced direct lysis
and to ADCC lysis (triggered with a 1/1000 dilution of plasma from a representative HIV-1-
infected ART suppressed patient). HIV-specific cytotoxicity was calculated as lysis of HIV-1
infected CD4* primary T cells minus background lysis of uninfected CD4* primary T cells.
Statistical analysis of three groups was carried out with a Friedman paired, nonparametric
ANOVA with a Dunn posttest and a two-tailed P value.
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Fig. 2. IFN-a stimulation Augments antibody-dependent cellular cytotoxicity lysisof HIV-1
infected autologous CD4* T cells
(a) Flow cytometric staining of gp120 on uncoated (gray shaded histogram) and gp120-

coated (black histogram) CD4* primary T cells or uninfected (gray shaded histogram) and
HIV-1 1B infected (black histogram) CD4* primary T cells after staining with a 1/1000
dilution of plasma from a representative HIV-1-infected elite controller patient. A
phycoerythrin (PE)-conjugated secondary antibody to the Fc portion of human 1gG was used
at a 1/100 dilution for detection. (b) Composite data from multiple donors measuring HIV-
specific natural killer lysis of 111B infected autologous CD4* primary T cells in the presence
of different stimuli in a standard 4-h chromium lysis assay at a 25 : 1 effector/target ratio.
Peripheral blood mononuclear cell (PBMCs) lysis in the absence of stimulation (direct lysis)
was compared with PBMCs prestimulated with 5000 U/ml interferon-a (IFN-a.) or
antibody-dependent cellular cytotoxicity (ADCC) lysis in the presence of a 1/1000 dilution
of plasma from a representative HIV-1-infected elite controller patient (ADCC). Statistical
analysis of three groups was carried out with a Friedman paired, nonparametric ANOVA
with a Dunn posttest and a two-tailed P value. (¢) Chromium release assay measuring HIV-
specific cytotoxicity of 111B infected autologous CD4" primary T cells by unstimulated
(light gray bars) or IFN-a stimulated (dark black bars) PBMCs at a 25 : 1 effector/ target
ratio in the presence or absence of 10 ug/ml VRC01 mAb to gp120 or a 1/1000 dilution of
plasma from a representative HIV-1-infected elite controller patient to trigger ADCC. (d)
Composite data from six donors measuring HIV-specific ADCC lysis (triggered with a
1/1000 dilution of plasma from a representative HIV-1-infected elite controller patient) of
I11B infected autologous CD4*primary T cells at a 25 : 1 effector-to-target cell ratio by
unstimulated PBMCs or PBMCs prestimulated with 5000 U/ml IFN-a.. Statistical analysis
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of two groups was carried out with a Wilcoxon matched pairs, nonparametric #test with a
two-tailed Pvalue.

AIDS. Author manuscript; available in PMC 2018 May 04.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Tomescu et al.

Page 15

(b)

—_
)

CD16 expression CD69 activation
¢ 15000 - I 100.0: -
3 P=NS 3 P <0.001
c 75.0
O 10000 o 1) x o
- (o] c 50.0
[a) o )

O 5000 (o) (o} D 250 @
s Sk BB B 0
i O o QgD
= T T X 1 I
No Stim  + IFN-a. No Stim  + IFN-o
(© Control () ADCC
No Stim + IFN-o No Stim
f\ 2.91% ' \ 3.13% 19.2%
CD107a PE CD107a PE CD107a PE CD107a PE
Uncoated CD4* + HIV plasma gp120-coated CD4* + HIV plasma
©) Control ADCC
40.0- S
5o P=NS P<0.05
[
o
= ; 30.01
sZ
c T
2
o5 20.0-
S
Sa
o
=3 10.0-
e
0.0
I ~ I I
No Stim  + IFN-o No Stim  + IFN-o
Uncoated CD4* gp120-coated CD4*
+ HIV plasma + HIV plasma

Fig. 3. IFN-a stimulation can augment natural killer degranulation against gp120-coated
autologous CD4" T cells and increase the frequency of natural killer cells mediating antibody-
dependent cellular cytotoxicity

(a and b) Flow cytometric analysis of the (a) geometric mean fluorescence intensity of the

CD16 FcGamma receptor, and (b) the percentage CD69 activation marker expression on
CD56*/CD3™ gated natural killer cells from peripheral blood mononuclear cells (PBMCs)
incubated in the absence (no stim) or presence of 5000 U/ml IFN-a. (IFN-a) for 18 h.
Statistical analysis of two groups was carried out with a Wilcoxon matched pair,
nonparametric ftest with a two-tailed Pvalue. (c and d) CD107a degranulation was
measured on CD56%/CD3~ gated natural killer cells from unstimulated or 5000 U/ml IFN-a
prestimulated PBMCs incubated with uncoated (c) or gp120-coated (d) CD4* primary T
cells (empty, black histogram) for 4 h at a 10 : 1 effector-to-target cell ratio in the presence
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of anti-CD107a phycoerythin (PE)-conjugated mAb, 5 ug/ml monensin, and a 1/1000
dilution of plasma from a representative HIV-1-infected elite controller patient. The
percentage of CD107a positive natural Killer cells following incubation with gp120-coated
or uncoated CD4* primary T cells was calculated after subtraction of background
degranulation of No Target Control (gray, shaded histogram) which was incubated for 4 h
with anti-CD107a PE-conjugated mAb, 5 pg/ml monensin, and a 1/1000 dilution of plasma
from a representative HIV-1-infected elite controller patient but without target cells. (e)
Composite graph of six individual experiments where CD107a degranulation was measured
on CD56*/CD3™ gated natural killer cells from unstimulated or IFN-a stimulated PBMC
incubated with autologous uncoated control or gp120-coated antibody-dependent cellular
cytotoxicity (ADCC) target cells and a 1/1000 dilution of plasma from a representative
HIV-1-infected elite controller as described above. Statistical analysis of two groups was
carried out with a Wilcoxon matched pairs, nonparametric #test with a two-tailed P value.
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