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ABSTRACT The HIV-1 envelope glycoprotein (Env) represents the only viral antigen at
the surface of infected cells, making it an ideal target for antibody-based therapies. Most
antibodies elicited in people with HIV (PWH) do not recognize Env in its native “closed”
conformation but readily bind to Env when it samples the CD4-bound “open” confor-
mation. Downregulation of CD4 at the surface of infected cells by the viral accessory
proteins Nef and Vpu prevents the premature opening of Env and has been shown to
protect infected cells from antibody-dependent cellular cytotoxicity (ADCC) mediated
by PWH plasma. Here, we report that deletion of Nef and Vpu from primary infec-
tious molecular clones renders infected cells vulnerable to antibody-dependent cellular
phagocytosis (ADCP) mediated by PWH plasma. This is in part linked to the premature
engagement of Env with CD4. In agreement with an “open” Env being vulnerable to
ADCP, small CD4-mimetic compounds (CD4mc) sensitize in vitro-infected cells and ex
vivo-expanded CD4 T cells to ADCP mediated by autologous monocytes in the presence
of PWH plasma. This effect was further improved by increasing cell surface Env through
IFN-induced BST-2 upregulation.

IMPORTANCE Developing new therapies to eliminate HIV-1-infected cells is essential to
decrease the size of the HIV-1 reservoir. Fc-effector functions, such as antibody-depend-
ent cellular cytotoxicity (ADCC), have shown potential in eliminating in vitro-infected
cells and ex vivo-expanded infected cells from people with HIV, decreasing the size
of the reservoir, and delaying viral rebound in humanized mice. Here, we report that
antibody-dependent cellular phagocytosis (ADCP) can also be harnessed to eliminate
HIV-T-infected cells. We show that infected cells harboring “open” Env conformations
are susceptible to ADCP-mediated killing in the presence of plasma from people with
HIV. A better understanding of the contribution of different Fc-effector functions in
the elimination of infected cells could help guide the development of new therapeutic
approaches toward an HIV-1 cure.
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in PWH are deemed non-neutralizing (nnAbs), due to their inability to recognize Env
in its “closed” conformation and neutralize viral particles (5). However, the prema-
ture interaction of Env with CD4 leads to the exposure of vulnerable epitopes that are
otherwise occluded in the pre-triggered Env conformation (6). These epitopes are readily
recognized by nnAbs in plasma from people with HIV (PWH), resulting in the elimination
of infected cells by antibody-dependent cellular cytotoxicity (ADCC) (7). To counteract
this, HIV-1 has evolved multiple mechanisms to downregulate CD4, notably through
the action of its accessory proteins Nef and Vpu (8, 9), but also through mechanisms
mediated by Env itself (10-12). Small CD4-mimetic compounds (CD4mc) bind to the
conserved gp120 Phe43 cavity and induce Env conformational changes similar to those
induced by CD4 (13, 14), resulting in the exposure of vulnerable CD4i epitopes and the
sensitization of HIV-1-infected cells to ADCC mediated by CD4i Abs and PWH plasma
(15-20).

Antibody-dependent cellular phagocytosis (ADCP) is an additional Fc-effector
function which occurs when antibody-bound cells are recognized and phagocytosed
by effector cells, such as monocytes or macrophages. Phagocytes can mediate ADCP
via different Fc receptors: FcyRlla (CD32) and FcyRI (CD64) in the case of IgG-mediated
responses and FcaRI (CD89) in the case of IgA-mediated responses (21-23). ADCP exerts
a protective role during infection with pathogens such as influenza and SARS-CoV-2
(24); however, its role in HIV-1 is less clear. There have been reports that various Env-
targeting broadly neutralizing antibodies (bNAbs), such as 10-1074, 3BNC117, and 2F5,
could mediate ADCP of HIV-1-infected cells in vitro (25, 26). One study, performed on a
cohort of more than 500 viremic PWH, reported that participants who were homozygous
for the low-affinity FcyRlla allele had a faster disease progression compared to those
who were heterozygous or homozygous for the high-affinity allele (27), suggesting
that ADCP could be involved in the control of HIV infection. Additionally, retrospective
studies performed on participants from HIV-1 vaccine trials have linked the ability of
antibodies to mediate ADCP with protection from HIV-1 acquisition (28, 29). Similarly,
vaccinal studies in non-human primates recently reported an association between ADCP
responses and protection from SHIV acquisition (30). However, a caveat to many of these
studies is that ADCP activity was inferred through the phagocytosis of beads coated
with recombinant Env proteins, which does not recapitulate physiologically relevant Env
conformations that would be encountered by the immune system during infection (28,
29,31-33).

Here, we developed a biologically relevant FACS-based ADCP assay in which Env
is expressed at the surface of HIV-1-infected primary CD4" T cells, using autologous
monocytes as effector cells. We show that CD4 downregulation by Nef and Vpu protects
infected cells from ADCP mediated by PWH plasma by preventing Env from adopting
downstream “open” conformations. We further demonstrate that inducing Env “opening”
with CD4mc sensitizes these cells to ADCP mediated by PWH plasma, and that this effect
can be further enhanced by increasing cell surface Env levels through IFN-induced BST-2
upregulation.

MATERIALS AND METHODS

The materials and methods used here have been reported in previous studies (11, 17-19,
34) and are summarized below.

Cell culture and isolation of primary cells

All cells were maintained at 37°C under 5% CO,. HEK293T human embryonic kidney cells
(ATCC) were grown in Dulbecco’s modified Eagle medium (DMEM; Wisent) supplemented
with 5% fetal bovine serum (FBS; VWR) and 100 U/mL penicillin-streptomycin (Wisent).
Human peripheral blood mononuclear cells (PBMCs) from people with and without
HIV-1 (information on PBMC donors can be found in Tables S1 and S2) were obtained
by leukapheresis and isolated by Ficoll density gradient. Cells were cryopreserved in
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liquid nitrogen until further use. Primary CD14" CD16~ monocytes, used as effector
cells for the ADCP assay (Fig. S1), were isolated from cryopreserved PBMCs by nega-
tive selection using immunomagnetic beads according to the manufacturer’s protocol
(StemCell Technologies, Cat. #19359) and were maintained in RPMI 1640 (Thermo Fisher
Scientific) supplemented with 20% FBS and 100 U/mL penicillin-streptomycin. Primary
CD4" T cells were isolated by negative selection using immunomagnetic beads following
the manufacturer’s protocol (StemCell Technologies, Cat. #17952). Upon isolation, CD4*
T cells were activated with phytohemagglutinin-L (PHA-L, 10 pg/mL) for 48 h and
were subsequently maintained in RPMI 1640 supplemented with 20% FBS, 100 U/mL
penicillin-streptomycin, and recombinant IL-2 (rIL.-2, 100 U/mL).

Antibody production and purification

FreeStyle 293F cells (Thermo Fisher Scientific) were maintained in FreeStyle 293F
medium (Thermo Fisher Scientific) at a concentration of 1 x 10° cells/mL at 37°C under
8% CO, with agitation at 150 rpm. Cells were transfected with plasmids expressing the
heavy and light chains of A32 and 17b antibodies (kindly provided by James Robinson),
as well as 246D and 2G12 antibodies (NIH AIDS Reagent Program), using ExpiFectamine
transfection reagent following the manufacturer’s protocol (Thermo Fisher Scientific).
Seven days later, cells were pelleted and discarded, and antibody-containing superna-
tants were passed through 0.22 pum filters. Antibodies were then purified using protein
A affinity columns following the manufacturer’s protocol (Cytiva, Marlborough, MA,
USA). Purified antibodies were dialyzed against PBS, run on SDS-PAGE, and stained with
Coomassie blue to assess their purity and integrity before being aliquoted and stored at
—80°C. The A32, 17b, and 246D Fab fragments were generated by proteolytic diges-
tion of 10 mg/mL solutions of each antibody with immobilized papain (Thermo Fisher
Scientific). Fab fragments were then purified by protein A chromatography, followed by
size exclusion chromatography (SEC) on a Superdex 200 Increase 10/300 column (Cytiva)
equilibrated in PBS.

Plasma and antibodies

Plasma from PWH was obtained from the Canadian HIV and Aging Cohort Study (CHACS)
(35) (information on plasma donors can be found in Table S3). Plasma samples were
isolated by Ficoll density gradient, heat-inactivated for 1 h at 56°C, and stored at —80°C
until further use. Cell surface Env expression was measured using the 2G12 monoclo-
nal antibody recognizing the gp120 outer domain. Cell surface CD4 expression was
measured using a mouse monoclonal anti-CD4 antibody (clone OKT4, eBioscience, Cat.
#14-0048-82), and cell surface BST-2 expression was measured using a mouse monoclo-
nal anti-human CD317 antibody (clone RS38E, Cat. #348401). Alexa Fluor 647-conjuga-
ted anti-human IgG (Thermo Fisher Scientific, Cat. #A-21445) was used as a secondary
antibody to detect plasma binding and 2G12 binding, while the Alexa Fluor 647-conjuga-
ted anti-mouse IgG (Thermo Fisher Scientific, Cat. #A-21235) was used as a secondary
antibody to detect cell surface CD4 and BST-2 binding by flow cytometry. The PE-con-
jugated anti-HIV p24 antibody (clone KC57-RD1, Beckman Coulter, Cat. #6604667) was
used to identify p24* monocytes in the ADCP assay and was used in combination with
the FITC-conjugated anti-human CD4 antibody (clone OKT4, BioLegend, Cat. #317408)
to identify productively infected cells in cell surface staining experiments as previously
described (36).

Small CD4-mimetic compound

Synthesis of the small CD4-mimetic compound CJF-11I-288 has been previously described
(20). CJF-1II-288 was dissolved to a stock concentration of 10 mM in DMSO and stored at
-80°C. The compound was then diluted to either 50 uM (ex vivo-expanded CD4* T cells),
10 pM (HIV-1apg, HIV-TcHo771/F, HIV-Tyyz, and HIV-Tmm3z3st/), or T uM (HIV-1cHosgT/e) in
PBS for cell surface staining experiments or in complete RPMI-1640 medium for ADCP
experiments.
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Proviral constructs

Plasmids encoding the full-length infectious molecular clones (IMCs) for HIV-1apg
and HIV-1yy, were previously described (12). Plasmids encoding the IMCs of the
HIV-Tchosst/e, HIV-1cHoz71/e, and HIV-Tymsst/e  transmitted founder viruses, and
HIV-1cH167 Were obtained from Dr. Beatrice Hahn and described elsewhere (37-39).
The Vpu-deleted IMCs for HIV-1cnosgt/r, HIV-1cHo771/F @nd HIV-1cyq67 were described
in reference 40. The Nef-deleted IMCs for HIV"ICHOSST/FI HIV-1CH077T/F’ and HIV'1CH167
were described in reference 41. The Nef- and Vpu-deleted IMCs for HIV-1ppg and
HIV-1yy, were provided by Dr. Frank Kirchhoff and were described in reference 12.
The Nef- and Vpu-deleted IMC for HIV-1cy167 Was also provided by Dr. Frank Kirchhoff.
The Nef- and Vpu-deleted IMCs for HIV-1cyosgt/e and HIV-1cyo771/F Were previously
described in references 41 and 42, respectively. The IMC encoding the Nef- and Vpu-
deleted HIV-1cHossT/e harboring the Env D368R mutation was generated by site-direc-
ted mutagenesis by inserting the Env D368R mutation into the Nef- and Vpu-deleted
HIV-1cHossT/F backbone using the QuikChange Il XL site-directed mutagenesis protocol
(Agilent, Cat. #200521). Sequences for all plasmids were verified by automated DNA
sequencing.

Viral production and infections

VSV-G-pseudotyped viral particles were produced by co-transfecting HEK293T cells with
IMC-encoding plasmids and a VSV-G-encoding plasmid at a ratio of 3:1 (24 pg and 8
pg of DNA, respectively) using polyethylenimine (PEl) in serum-free DMEM. Four hours
post-transfection, the medium was changed for DMEM supplemented with 5% FBS
and 100 U/mL penicillin-streptomycin. Forty-eight hours post-transfection, supernatants
were collected and cleared by low-speed centrifugation at 1,500 rpm for 10 min. Viral
particles present in the supernatants were concentrated by ultracentrifugation over a
20% sucrose cushion at 100,605 x g for 1 h at 4°C. Viral pellets were resuspended in
complete RPMI 1640 and stored at —80°C until further use. All viral productions were
titrated on primary CD4* T cells to obtain around 8-15% infected (p24*) cells after a
48-hour infection. For infection, activated primary CD4* T cells were plated in a 96-well
V-bottom plate at a concentration of 2 million cells/mL in complete RPMI 1640 medium
supplemented with rIL-2 and the appropriate viral titer. Cells were spinoculated at 800 x
g for 1 h and were incubated at 37°C for 48 h. All experiments using VSV-G-pseudotyped
HIV-1 isolates or ex vivo amplifications were performed in a biosafety level 3 laboratory
following manipulation protocols accepted by the CRCHUM Biosafety Committee, which
comply with the requirements of the Public Health Agency of Canada.

Interferon treatment

IFN-B (Rebif; EMD Serono Inc.) was reconstituted in RPMI-1640 at a concentration of 44
pg/uL, aliquoted, and stored at —80°C until further use. HIV-1-infected CD4" T cells were
treated with 2 ng/pL of IFN-B 24 h after infection, as previously reported (43). This time
represents 24 h before cell surface staining and ADCP experiments.

Cell surface and intracellular staining

Forty-eight hours post-infection, infected primary CD4* T cells were collected, washed
with PBS, and plated in 96-well V-bottom plates. For experiments with CJF-11I-288,
the appropriate concentration of the compound or equivalent volume of DMSO was
added to the cells before plating. Cells were then incubated with either plasma (1:500
dilution), the 2G12 anti-Env monoclonal antibody (5 pg/mL), an uncoupled anti-CD4
antibody (1 pg/mL), or an uncoupled anti-human CD317 (BST-2) antibody (1 pg/mL)
for 45 min at 37°C. Cells were washed twice with PBS and incubated at room tem-
perature for 20 min with the appropriate secondary antibody mix: cells stained with
plasma or 2G12 were incubated with Alexa Fluor 647-conjugated anti-human IgG (2
pg/mL), LIVE/DEAD viability dye (1:1,000 dilution, Thermo Fisher Scientific, Cat. #L34957),
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and FITC-conjugated anti-CD4 antibody (1:500 dilution). Cells stained with anti-CD4 or
anti-CD317 antibodies were stained with Alexa Fluor 647-conjugated anti-mouse IgG
(2 pg/mL) and LIVE/DEAD viability dye (1:1,000 dilution). After incubation, cells were
washed twice with PBS, fixed/permeabilized in Cytofix/Cytoperm Fixation/Permeabiliza-
tion Kit (BD Biosciences, Cat. #554714) for 20 min, and stained intracellularly using the
PE-conjugated mouse anti-p24 monoclonal antibody (1:200 dilution) for 1 h at room
temperature in the dark. Samples were acquired on a Fortessa flow cytometer (BD
Biosciences), and data analysis was performed using FlowJo v10.5.3. Plasma binding and
2G12 binding were determined by measuring the median fluorescence intensity of Alexa
Fluor 647 from the productively infected living cells (LIVE/DEAD"", CD4"", p24*). CD4 and
BST-2 levels at the surface of infected or non-infected cells were measured by the median
fluorescence intensity of Alexa Fluor 647 in living p24* or p24~ cells, respectively.

FACS-based ADCP assay

Primary CD4" T cells were infected as described above. Sixteen hours before the ADCP
assay, primary CD14* CD16™ monocytes were isolated by negative selection, as described
above, and rested overnight at 37°C at a concentration of 1 million cells/mL in RPMI 1640
supplemented with 20% FBS and 100 U/mL penicillin-streptomycin. Forty-eight hours
after infection, HIV-1-infected CD4* T cells and rested primary monocytes were collected
and counted. For experiments performed with CJF-11I-288, productively infected p24*
CD4"™" cells were enriched by depleting the CD4"9" cells using the Dynabeads CD4*
positive selection kit (Thermo Fisher Scientific, Cat. #11145D), as previously described
(11). Infected CD4* T cells were stained with the cell proliferation dye eFluor450
(Thermo Fisher Scientific, Cat. #65-0842-90) diluted 1:500 in PBS and used as target
cells. Primary monocytes were stained with the cell proliferation dye eFluor670 (Thermo
Fisher Scientific, Cat. #65-0840-90), diluted 1:1,000 in PBS, and used as effector cells. Cells
were stained for 20 min, washed twice with complete RPMI 1640, and resuspended in
complete RPMI 1640. For experiments with CJF-111-288, the appropriate concentration of
the compound or equivalent volume of DMSO was added to the cells before plating. For
Fab blocking experiments, CJF-11I-288-treated cells were incubated with A32 Fab (40 pg/
mL), 17b Fab (40 pg/mL), 246D Fab (80 pg/mL), or the combination of all Fab fragments
for 15 min at room temperature. Stained target cells were plated in 96-well V-bottom
plates and incubated with plasma (1:500 dilution) for 45 min at 37°C. After incubation,
target cells were washed twice with complete RPMI 1640 to remove unbound antibodies.
Target cells (antibody-opsonized eFluor450" infected CD4" T cells) were subsequently
cocultured with the effector cells (eFluor670* monocytes) in 96-well U-bottom plates at a
3:1 target-to-effector ratio for 2 h at 37°C. After incubation, cells were washed with PBS,
fixed/permeabilized in Cytofix/Cytoperm Fixation/Permeabilization Kit for 20 min, and
stained intracellularly using the PE-conjugated mouse anti-p24 antibody (1:200 dilution)
for 1 h at room temperature in the dark. Samples were acquired on a Fortessa cytometer,
and data analysis was performed using FlowJo v10.5.3. The ADCP index was calculated as
follows: (% of PE* effectors in targets + effectors + plasma)/(% of PE* effectors in targets +
effectors).

Image capture flow cytometry

Primary CD4" T cells were infected with Nef- and Vpu-deleted HIV-1cngsgT/e- Forty-eight
hours post-infection, HIV-1-infected CD4" T cells and primary monocytes, which were
isolated and maintained as described above, were collected and counted. CD4* T cells
were stained with the cell proliferation dye eFluor450 in PBS at a 1:1,000 dilution, and
monocytes were stained with the cell proliferation dye CFSE (Invitrogen, Cat. #C34554)
at a 1:8,000 dilution in PBS. Cells were stained for 20 min, washed twice with complete
RPMI 1640, and resuspended in complete RPMI 1640. CD4* T cells were plated in 96-well
V-bottom plates and incubated with plasma (1:500 dilution) for 45 min at 37°C. After
incubation, cells were washed twice with complete RPMI 1640 to remove unbound
antibodies and were cocultured with CFSE-stained monocytes in 96-well U-bottom
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plates at a 3:1 target-to-effector ratio for 2 h at 37°C. After incubation, cells were washed
with PBS, fixed/permeabilized in Cytofix/Cytoperm Fixation/Permeabilization Kit for 20
min, and stained intracellularly using the PE-conjugated mouse anti-p24 antibody (1:200
dilution) for 1 h at room temperature. After staining, samples were resuspended in PBS
and transferred to 1.5 mL microcentrifuge tubes. Samples were run on an ImageStreamX
MKII flow cytometer, and data analysis was performed using the IDEAS software (Amnis).

Quantification and statistical analysis

Statistical analyses were performed using GraphPad Prism version 10.2.0. Each data
set was tested for statistical normality to determine the appropriate statistical test to
use (parametric or non-parametric). Statistical details of experiments are indicated in
the figure legends. P values <0.05 were considered significant. Significance values are
indicated as *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, and ns, non-significant.

RESULTS
Accessory proteins Nef and Vpu protect HIV-1-infected cells from ADCP

It is well established that accessory proteins Nef and Vpu enable HIV-1-infected cells
to escape ADCC responses mediated by PWH plasma, notably through the downregu-
lation of CD4 but also through the ability of Vpu to downregulate BST-2 (Tetherin,
CD317) on the surface of infected cells (6, 7, 12, 34, 44, 45). Therefore, we wanted
to determine if similar mechanisms were involved in the protection of infected cells
from ADCP-mediated killing. To answer this, we developed a FACS-based assay to
accurately measure ADCP-mediated killing of HIV-1-infected cells (Fig. 1A). We started
by infecting primary CD4* T cells with primary HIV-1 isolates for 48 h. These cells, which
served as target cells in our assay, were stained with the eFluor450 cell viability dye
and incubated with plasma from PWH to allow antibody opsonization. Plasma from
people without HIV-1 (PWoH) was used as a negative control. Primary monocytes were
isolated by negative selection (see Material and Methods) from autologous PBMCs,
stained with the eFluor670 cell proliferation dye, and used as effector cells. Purity of
isolated primary monocytes was confirmed by flow cytometry (Fig. S1). Opsonized target
cells and effector cells were cocultured for 2 h at a ratio of 3:1 (target-to-effector) and
were subsequently stained intracellularly for p24. ADCP activity represents the ratio of
p24* monocytes in conditions with targets + effectors + plasma to p24* monocytes in
targets + effectors alone (see gating strategy in Fig. S2). To assess if Nef and Vpu could
protect infected cells from ADCP mediated by PWH plasma, we infected primary CD4*
T cells with either wild-type (WT) or Nef- and Vpu-deleted (Nef-Vpu-) HIV-1 isolates and
evaluated how these two accessory proteins impacted recognition and ADCP-mediated
killing. For all four primary isolates tested, we observed that cells infected with Nef-Vpu-
viruses were significantly more recognized by plasma from PWH (see supplemental
tables for participants’ demographics) compared to WT-infected cells (Fig. 1B), in line
with previously reported data (7). This is due to an increase in CD4 expression at the
surface of infected cells (Fig. 1E), which enables Env to sample more “open” conforma-
tions recognized by nnAbs present in PWH plasma, as well as an increase in cell surface
BST-2 expression (Fig. 1F), which traps newly budded viral particles and results in the
accumulation of Env at the cell surface. Cells infected with WT viruses were not readily
eliminated by ADCP in the presence of PWH plasma. Interestingly, deletion of Nef and
Vpu rendered infected cells significantly more susceptible to ADCP mediated by PWH
plasma (mean ADCP index for all viruses: 2.286), suggesting a role for these accessory
proteins in the protection of infected cells from this Fc-effector function (Fig. 1C). As
expected, plasma binding strongly correlated with ADCP activity (Fig. 1D), suggesting
that increased recognition of infected cells by antibodies present in plasma renders them
susceptible to ADCP-mediated killing.

We next visualized ADCP events by image capture flow cytometry. Briefly, primary
CD4" T cells infected with Nef- and Vpu-deleted HIV-1cyosgT/e Were stained with
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FIG1 Nefand Vpu protect HIV-1-infected cells from ADCP mediated by PWH plasma. (A) Schematic representation of the FACS-based ADCP assay. Primary CD4*
T cells were infected with various HIV-1 isolates for 48 h and used as target cells. On the day of the assay, HIV-1-infected CD4" T cells were stained with the
eFluor450 cell proliferation dye and incubated for 45 min with plasma from PWH or PWoH. Autologous primary monocytes were used as effector cells and were
stained with the eFluor670 cell proliferation dye. Monocytes were cocultured with opsonized CD4" T cells at a 3:1 target (T) to effector (E) ratio for 2 h. After
coculture, cells were fixed and stained intracellularly for the p24 antigen, and data were acquired by FACS. (B) Recognition of primary CD4" T cells infected with
wild-type (WT) or Nef- and Vpu-deleted (Nef-Vpu-) HIV-1 isolates by plasma from 10 PWH. Dotted lines represent the mean plasma binding from 5 PWoH. (C)
ADCP-mediated elimination of primary CD4" T cells infected with WT or Nef-Vpu- HIV-1 isolates in the presence of PWH plasma. ADCP index was calculated as the
percentage of p24” monocytes in T + E + plasma samples divided by the percentage of p24” monocytes in T + E alone. Dotted lines represent the mean ADCP
(Continued on next page)
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Fig 1 (Continued)

index measured in the presence of plasma from 5 PWoH. (D) Spearman correlation between PWH plasma binding and ADCP activity measured for all viruses.
(E and F) Expression of CD4 (E) and BST-2 (F) at the surface of cells infected with WT or Nef-Vpu- HIV-1 isolates. Each data set was tested for normality, and
statistical significance was determined by paired t-tests or Wilcoxon matched-pairs signed rank test for normally distributed data or non-normally distributed
data, respectively, for panels B and C. Statistical significance was determined by two-way ANOVA for panels E and F (n = 2).

eFluor450 and cocultured with CFSE-stained monocytes in the presence of PWH plasma
for 2 h. Cells were subsequently stained intracellularly with a PE-coupled anti-p24
antibody and run on an ImageStream MKII flow cytometer. As expected, when infected
cells and monocytes were co-cultured in the presence of PWH plasma, we observed
monocytes that were positive for the CD4" T-cell marker and that also contained
intracellular p24* puncta (Fig. 2), representing monocytes that had phagocytosed
HIV-1-infected cells. Overall, we show that Nef and Vpu protect HIV-1-infected cells from
ADCP.

Monocyte CD4+ T cell Merge BF + Merge
Uninfected
CD4* T cell
Infected
CD4* T cell
Monocyte

Triple positive
cells

FIG 2 Image capture flow cytometry images of phagocytosis of HIV-1-infected CD4" T cells by monocytes. Primary CD4" T cells were infected with Nef-Vpu-
HIV-1cHosgT/F and were labeled with the cell proliferation dye eFluor450 (blue). Primary monocytes were labeled with the cell proliferation dye CFSE (green), and
both cell types were cocultured in the presence of PWH plasma for 2 h. Cells were then fixed and stained intracellularly for the p24 antigen (red). Shown are
images of primary monocytes alone, CD4" T cells alone, or cocultured cells in the presence of PWH plasma. Cells were selected for focus, size, and aspect ratio for
phenotypic analysis. BF, brightfield.
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Env conformation modulates the susceptibility of HIV-1-infected cells to
ADCP

Next, we sought to dissect the individual roles of Nef and Vpu in protecting HIV-1-infec-
ted cells from ADCP mediated by plasma from PWH. To do so, we infected CD4" T cells
with WT HIV-1cnosgr/F or with viruses deleted for either Nef (Nef-), Vpu (Vpu-), or both
accessory proteins (Nef-Vpu-). Single deletions of either Nef or Vpu similarly increased
recognition of infected cells by plasma from PWH (Fig. 3A), which is likely due to the
interplay between Env and CD4 abundance at the cell surface. In the absence of Vpu,
despite increased Env accumulation at the cell surface (Fig. 3E) due to impaired BST-2
downregulation (Fig. 3D), only a fraction of Env molecules is expected to interact with
CD4, since Nef-mediated CD4 downregulation remains important (Fig. 3C). A proportion
of surface Env likely remains in a “closed” conformation and is not efficiently recognized
by CD4-induced antibodies present in plasma from PWH. In contrast, in the context
of Nef deletion, although fewer Env molecules are present at the cell surface (Fig. 3E),
most are expected to interact with CD4 given the marked increase in surface CD4 levels
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FIG 3 Env-CD4 interaction facilitates recognition and ADCP-mediated killing of infected cells by PWH plasma. (A) Recognition and (B) PWH plasma-mediated
ADCP killing of CD4" T cells infected with wild-type (WT) HIV-1cnossT/F, @ virus deleted for either Nef (Nef-), Vpu (Vpu-), both accessory proteins (Nef-Vpu-), or
deleted for Nef and Vpu in addition to harboring the Env D368R mutation (Nef-Vpu-D368R). Dotted lines represent plasma binding or ADCP index that was
measured with plasma from PWoH. (C and D) Expression of CD4 (C) and BST-2 (D) at the surface of p24~ or p24” cells infected with the indicated virus. (E) Cell
surface expression of Env measured by binding of the 2G12 monoclonal antibody. Statistical significance was determined by one-way ANOVA for panels A, B, and
E and two-way ANOVA for panels C-D (n = 3).
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(Fig. 3Q), thereby resulting in Env “opening” and exposure of epitopes recognized by
CD4i antibodies present in plasma from PWH. Surprisingly, although deletion of Nef or
Vpu led to similar increases in plasma binding, deletion of Vpu caused a significantly
greater increase in ADCP activity, which reached similar levels to those observed with
the Nef-Vpu- virus (Fig. 3B). These results suggest that Vpu has a greater contribution
than Nef in protecting cells from ADCP. To confirm that this phenotype was not unique to
HIV-1cHossT/F, We repeated the experiment with two additional HIV-1 isolates (CHO77T/F
and CH167). Although Nef also contributed to protect infected cells from ADCP, the effect
of Vpu was significantly higher (Fig. S3). To ascertain the role of Env-CD4 interaction in
ADCP, we introduced the Env D368R mutation, which abrogates Env-CD4 interaction (46),
in the Nef-Vpu- HIV-1cyosgT/F backbone. As previously reported (6, 7, 12), introduction
of the D368R mutation slightly increased Env levels at the surface of Nef-Vpu- infected
cells (Fig. 3E). In agreement with the critical role that the D368 residue of Env plays
in CD4 interaction, cells infected with the Nef-Vpu-D368R virus were not efficiently
recognized by PWH plasma due to the inability of Env to interact with CD4, thereby
preventing the exposure of CD4i epitopes (Fig. 3A). Despite poor recognition of these
cells, they remained susceptible to ADCP at similar levels to Vpu- infected cells (Fig. 3B),
thus suggesting that additional mechanisms, likely a cell host protein targeted by Vpu,
contribute to the protection of HIV-1-infected cells from ADCP.

“Opening up” Env with CD4mc sensitizes cells to ADCP

Our experiments with the D368R mutant support a major role for Env conformation
in determining ADCP susceptibility. To confirm this, we used a potent indoline CD4mc,
CJF-111-288, which was recently shown to sensitize HIV-1-infected cells to ADCC mediated
by both PWH plasma and various combinations of nnAbs in vitro (17-20). Briefly, we
infected primary CD4" T cells with five different primary HIV-1 isolates and evaluated
whether CJF-IlI-288 sensitized these cells to ADCP mediated by plasma from PWH.
CJF-111-288 significantly enhanced recognition and elimination of infected cells by ADCP
for all the viruses tested (Fig. 4A through D). As expected, we noted a significant positive
correlation between plasma binding and ADCP activity (Fig. 4E), thus confirming the
central role of Env conformation on the susceptibility of HIV-1-infected cells to ADCP.

Next, we investigated whether these findings could be translated to ex vivo-expanded
CD4" T cells from PWH under ART. To do so, we isolated CD4" T cells from the PBMCs
of five PWH under ART (information on participants can be found in Table S2), activated
them with PHA-L and cultured them in presence of IL-2, monitoring p24 levels to assess
viral replication. Cells were cultured until we detected at least 5% of p24* cells (Fig.
S4), upon which we performed our assays. Treatment of the ex vivo-expanded CD4*
T cells with CJF-11I-288 led to a significant increase in binding by heterologous and
autologous plasma (autologous plasma for participants 4 and 5 were not available),
which is in line with our data using in vitro-infected cells (Fig. 5A through C). Importantly,
treatment with the CD4mc significantly increased ADCP-mediated killing of infected
cells in the presence of heterologous plasma for participants 1, 3, 4, and 5 (Fig. 5B).
Although the increase in ADCP activity was not statistically significant for participant
2, we still observed increased ADCP in the presence of the participant’s autologous
plasma, and when combining the data from all the participants together, we observed
a significant increase in ADCP-mediated killing in the presence of CJF-I1I-288 (Fig. 5D).
Once again, plasma binding positively correlated with ADCP activity (Fig. 5E). Altogether,
these results demonstrate that CD4mc such as CJF-111-288 can be used to sensitize both in
vitro-infected and ex vivo-expanded CD4* T cells from PWH under ART to ADCP mediated
by plasma from PWH.
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FIG 4 CJF-II-288 sensitizes HIV-1-infected cells to ADCP mediated by PWH plasma. (A) Recognition and (B) ADCP-mediated elimination of HIV-1-infected CD4" T
cells by PWH in the presence of the CD4-mimetic compound CJF-11-288 (1 uM for HIV-1cposgr/e, 10 uM for HIV-1apg, HIV-1cho771/8 HIV-Tyy2, and HIV-Tyms31/E)
or equivalent volume of vehicle (DMSO). Dotted lines represent plasma binding or ADCP activity measured with plasma from PWoH. (C and D) Compilation of
recognition (C) and ADCP activity (D) mediated by PWH plasma for all the tested HIV-1 isolates. (E) Spearman correlation between PWH plasma binding and
ADCP activity measured for all viruses. Each data set was tested for normality and statistical significance was determined by paired t-tests or the Wilcoxon

matched-pairs signed rank test for normally distributed data or non-normally distributed data, respectively (n = 2).

Anti-cluster A antibodies play an important role in ADCP mediated by plasma
from PWH

Plasma from PWH is heterogeneous in regard to its antibody content, and the composi-
tion of anti-Env antibodies mainly includes various families of CD4i antibodies, such as
anti-cluster A, anti-coreceptor binding site (CoRBS), and anti-gp41 cluster | antibodies
(18). We previously evaluated the ability of plasma from 50 PWH to mediate ADCC in the
presence of CJF-11I-288 and observed that, although all of these antibody families played
a role in plasma-mediated ADCC, their contributions varied (18). Here, we evaluated how
each of these families of antibodies was involved in ADCP-mediated killing of infected
cells by performing a Fab competition experiment. Briefly, HIV-1-infected CD4* T cells
were incubated with CJF-I1I-288 and either A32 Fab (cluster A), 17b Fab (CoRBS), 246D
10.1128/mbio.01487-26 11
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FIG 5 CJF-II-288 sensitizes ex vivo-expanded CD4" T cells from PWH under ART to ADCP mediated by PWH plasma. (A) PWH plasma-mediated recognition
and (B) ADCP killing of ex vivo-expanded CD4" T cells from five PWH under ART in the presence of DMSO or the CD4mc CJF-I-288 (50 uM). Data points in
lighter colors represent autologous plasma binding and ADCP activity in the presence of DMSO (light gray) or CJF-I1I-288 (light blue), except for participants 4
and 5, for which the autologous plasma was not available. (C and D) Compilation of plasma binding (C) and ADCP activity (D) mediated by PWH plasma on ex
vivo-expanded CD4" T cells from PWH under ART for all participants. (E) Spearman correlation between PWH plasma binding and ADCP activity measured for all
participants. Each data set was tested for normality, and statistical significance was determined by paired t-tests or the Wilcoxon matched-pairs signed rank test
for normally distributed data or non-normally distributed data, respectively.

Fab (gp41 cluster 1), or the combination of all three specificities. These Fab fragments
bind to their respective epitopes upon Env opening with the CD4mc and thereby “block”
antibodies in the plasma with the same specificity from binding Env (Fig. 6A). The
reduction of the ADCP response in the presence of these Fab fragments represents the
relative importance of each family of antibodies to ADCP. We observed that pre-incuba-
tion of infected cells with A32 Fab fragments significantly decreased the ability of plasma
to mediate ADCP in the presence of CJF-II-288 (Fig. 6B). Incubation with 17b or 246D
Fab fragments also decreased the ADCP response on their own, albeit to a lesser extent
than A32 Fab. The combination of all three Fab fragments further decreased the ADCP
response mediated by PWH plasma in the presence of the CD4mc, as was observed with
incubation with the A32 Fab fragment alone. These results show that all three of these
families of CD4i antibodies contribute to the level of ADCP response mediated by PWH
plasma, but that this Fc-effector function is mostly driven by anti-cluster A antibodies.
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IFN-B enhances ADCP activity of PWH plasma in the presence of CJF-11-288

Thus far, we have shown that CJF-I-288 could sensitize infected cells to ADCP, although
the magnitude of the response observed was lower than what was observed for cells
infected with Nef-Vpu- viruses. We therefore wondered if we could employ additional
strategies to increase the susceptibility of WT-infected cells to this Fc-effector function.
BST-2 antagonism by Vpu has been shown to protect HIV-1-infected cells from ADCC
mediated by both bNAbs (45) and sera from PWH in the presence of CD4mc (34).
In both experimental settings, treatment of infected cells with type | interferon (IFN),
which is known to induce BST-2 expression (34, 44), increased their susceptibility to
ADCC-mediated killing. To assess whether a similar strategy could be used to enhance
ADCP responses in the presence of the CD4mc, we treated CD4* T cells infected with
HIV-1cHosgt/F with IFN-B for 24 h. As expected, IFN-B treatment significantly increased
BST-2 expression at the surface of both infected and uninfected cells and also increased
cell surface Env (Fig. S5). The combination of CJF-11I-288 and IFN-f3 significantly increased
both recognition (2.11-fold increase across all plasma samples) and ADCP-mediated
killing (1.33-fold increase across all plasma samples) of infected cells, both of which were
significantly correlated (Fig. 7). Taken together, these results support that inducing BST-2
expression with IFN-B can lead to the accumulation of Env at the cell surface, thereby
increasing the recognition and ADCP-mediated killing of infected cells by PWH plasma in
presence of CJF-II1-288.

DISCUSSION

Although antiretroviral therapy suppresses viremia in most PWH (47), it does not
decrease the size of the viral reservoir (48, 49). A growing body of evidence highlights
the potential of ADCC to target the reservoir, but the role of other Fc-effector functions
such as ADCP remains less characterized. Previous studies analyzing immune correlates
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=3).

of protection among participants of HIV-1 vaccine trials, as well as vaccine candidates
in non-human primate challenge studies, determined that elicitation of Env-specific
ADCP-mediating antibodies was associated with a decreased risk of HIV-1 acquisition (28,
30) and that elicitation of anti-Env antibodies with high-affinity binding to CD32 was
associated with protection in the HVTN 505 trial (29). However, the methods used in
these studies to reach these conclusions did not directly assess the ability of antibodies
to induce the phagocytosis of HIV-1 infected cells, but rather measured the phagocytosis
of beads coated with recombinant Env proteins, which present epitopes that differ from
those found on membrane-bound Env trimers (25, 50).

In this work, we developed a FACS-based assay to measure the elimination of primary
CD4" T cells infected with primary HIV-1 isolates by ADCP, mediated by autologous
monocytes. We observed that Nef and Vpu contribute to protecting HIV-1-infected cells
against ADCP mediated by antibodies present in the plasma of PWH, similar to what
was reported for ADCC (6, 7, 12). Indeed, we saw that cells infected with primary HIV-1
isolates were not readily phagocytosed in the presence of PWH plasma, but that deletion
of Nef and Vpu rendered them highly vulnerable to ADCP-mediated killing (Fig. 1). This
was in part linked to the ability of these accessory proteins to downregulate CD4, as cells
infected with a Nef-Vpu- virus harboring the Env D368R mutation were less efficiently
eliminated (Fig. 3). This further emphasizes the central role that CD4 downregulation
plays in promoting viral pathogenesis. Of note, although deletion of either Nef or Vpu
had similar effects on plasma binding, Vpu deletion had a much greater impact on the
susceptibility of infected cells to ADCP. These results suggest that Vpu plays a more
important role in protecting infected cells from ADCP, potentially through mechanisms
that extend beyond CD4 downregulation. It is known that Vpu-mediated downregula-
tion of NK cell ligands, such as NTB-A, PVR, and CD48 at the surface of infected cells,
serves to protect them from ADCC (43, 51-53). It is therefore possible that Vpu regulates
additional immunomodulating ligands affecting ADCP responses, although this remains
to be determined.

CD4mc induce conformational changes in the Env trimer similar to those that occur
upon CD4 binding (19, 54, 55). This stabilizes Env in more “open” downstream conforma-
tions and enables CD4i nnAbs to sequentially bind to the trimer and sensitize infected
cells to elimination by ADCC (16, 56). Here, we show that the indoline CD4mc CJF-1I-288
sensitizes cells infected with five different primary HIV-1 isolates to ADCP-mediated
killing by PWH plasma (Fig. 4). Importantly, there have been reports that HIV-1 infection
causes dysregulation in monocyte biology, notably by inducing their chronic activation,
altering their cytokine profiles, and reducing their phagocytic capacities (57, 58). Still,
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we observed that CJF-III-288 could sensitize ex vivo-expanded CD4" T cells from PWH
receiving ART to ADCP mediated by their autologous monocytes (Fig. 5). This suggests
that ADCP-based immunotherapies could be used to eliminate infected cells in PWH
despite reports of immune dysfunction affecting monocytes in these individuals. We also
observed that the susceptibility to ADCP in the presence of PWH plasma and CJF-11I-288
could be further enhanced by treating infected cells with IFN-3 (Fig. 7). We hypothesize
that this is due to the upregulation of BST-2, leading to Env accumulation at the cell
surface and increased recognition of infected cells by CD4i antibodies present in the
plasma. However, as IFN stimulation induces a broad array of cellular factors, we cannot
exclude the contribution of additional interferon-stimulated genes (ISGs) in modulating
the susceptibility of infected cells to ADCP. Moreover, recent findings suggest that BST-2
upregulation following type | IFN treatment not only increases surface Env levels but
also diminishes Vpu polyfunctionality, thereby reducing its ability to simultaneously
antagonize multiple substrates (43). In this context, and given the critical role of Vpu
in modulating ADCP responses, the ability of IFN to enhance ADCP may also reflect a
reduction of Vpu polyfunctionality.

By performing Fab blocking experiments, we found that different families of
antibodies present in PWH plasma had different contributions to ADCP activity, with
anti-cluster A antibodies being the strongest inducers of this response (Fig. 6). We
previously studied the importance of various families of nnAbs present in PWH plasma in
ADCC-mediated killing of HIV-1 infected cells (18). Interestingly, we observed that CoRBS
antibodies had a greater role in mediating this Fc-effector function, highlighting the fact
that different classes of anti-Env antibodies can have different propensities to induce
ADCC and ADCP. Whether this is due to a preferential angle of approach required for the
Fc portion of antibodies to interact with CD16 versus CD32 or to steric hindrance related
to the type and size of the effector cells primarily involved in these processes remains to
be elucidated.

ADCC and ADCP could both play complementary roles in the elimination of HIV-1
infected cells. For example, lymphoid tissues, which represent major anatomical sites
harboring HIV-1 reservoir cells (59, 60), are mostly devoid of ADCC-mediating CD56™
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FIG 8 Schematic of HIV-1-infected cells susceptibility to ADCP responses. Cells infected with WT HIV-1 isolates are not efficiently recognized by plasma from
PWH due to the protective effect of the accessory proteins Nef and Vpu. CD4mc such as CJF-11I-288 can force Env “opening,” thereby allowing PWH plasma to
recognize infected cells and sensitize them to ADCP. The combination of CJF-11I-288 with treatment of infected cells with IFN-B can further increase the ADCP
activity of PWH plasma due to the induction of BST-2 expression, which increases Env expression at the surface of infected cells. The highest ADCP activity is
achieved against cells infected with a Nef- and Vpu-deleted virus, as these cells express large quantities of Env in its “open” conformation, leading to the highest
recognition by PWH plasma.
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CD16" NK cells (61, 62). In contrast, monocytes are vastly abundant in lymph nodes and
could serve as key players in eliminating HIV-1-infected cells in this compartment. As
lymphoid tissues constitute major sites of viral rebound in SIV-infected macaques upon
ART interruption (63), monocyte-mediated Fc-effector functions in these organs could
be all the more important to achieve post-treatment HIV-1 control. Additionally, the fact
that different antibody isotypes have different propensities to modulate ADCC or ADCP
further demonstrates the complementary roles that these Fc-effector functions play
in disease. For example, IgA antibodies are the most predominant isotype in mucosal
tissues (64, 65) and have a greater propensity to mediate ADCP than ADCC, due to their
inability to interact with CD16 on NK cells (66). Therefore, ADCP could be crucial to
eliminate infected cells in the mucosa, while ADCC could be more important in other
tissues. Still, the ability of combinatorial nnAbs/CD4mc treatments to induce ADCP of
HIV-1 infected cells in vivo remains to be thoroughly evaluated.

Overall, we show here that Nef and Vpu accessory proteins protect HIV-1-infected
cells from ADCP. CD4mc-based strategies can be used to “open-up” Env, thereby
harnessing the full potential of this Fc-effector function. By increasing the levels of
Env available for CD4mc engagement, type | IFN can further enhance ADCP-mediated
elimination of HIV-1-infected cells (Fig. 8). Our findings warrant additional work to
better understand the contribution of different Fc-effector functions in the elimination
of HIV-T-infected cells, which could inform the development of new immunotherapies
toward an HIV-1 cure.

ACKNOWLEDGMENTS

The authors thank the CRCHUM BSL3 and Flow Cytometry Platforms for technical
assistance and Mario Legault for cohort coordination and clinical samples. Figures 1A,
6A, and 8 were created using BioRender.com. We thank the following collaborators for
kindly providing plasmids to produce antibodies: James Robinson (Tulane University) for
A32 and 17b and the NIH AIDS Reagent Program for 2G12 and 246D.

This study was supported by a Canadian Institutes of Health Research (CIHR) Team
grant #197728 to A.F, a research team grant on HIV and health living (HAL398643
CIHR-IRSC:0635001811) to the Canadian HIV and Aging Cohort Study to M.D., a Canada
Foundation for Innovation (CFI) grant #41027 to A.F.), and a grant to S.S. (PJT-190001).
This work was also supported by the Fondation du CHUM to A.F. and the National
Institutes of Health to A.F. (Al1186809) and A.F. and M.P. (Al174908, Al150322). A.F. was
supported by a Canada Research Chair in Viral Envelope Glycoproteins, Tier 1. E.B. was
supported by a CIHR doctoral fellowship. F.T. was supported by a doctoral scholarship
from the Armand-Frappier Foundation. The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

Conceptualization: E.B., AT, and A.F; Methodology: E.B., AT, FT., M.C,, D.Y,, H-C.C,
JR,WD.T, JR, S.S.,, M.P, and AF; Investigation: E.B., A.T., F.T.; Resources: M.D., D.M.H., M.P,,
and A.F; Formal analysis: E.B., AT, FT,, S.S., and A.F. Supervision: M.D., D.M.H., S.S., M.P,
and A.F; Funding acquisition: M.P, A.F,; Writing—original draft: E.B. and A.F. Writing-review
and editing: E.B., AT, FT, M.C,, D.Y, H-C.C, T-).C, C.B, HM, WD.T, M.D,, JR, DM.H,, S.S.,
M.P, and A.F.

The views expressed in this paper are those of the authors and do not reflect
the official policy or position of the Uniformed Services University, the U.S. Army, the
Department of War, the Henry M. Jackson Foundation for the Advancement of Military
Medicine, Inc., or the U.S. government. The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

AUTHOR AFFILIATIONS

'Centre de Recherche du CHUM, Montreal, Quebec, Canada
’Département de Microbiologie, Infectiologie et Immunologie, Université de Montréal,
Montreal, Quebec, Canada

Month XXXX Volume 0 Issue 0

mBio

10.1128/mbio.01487-26 16


https://doi.org/10.1128/mbio.01487-26

Downloaded from https://journals.asm.org/journal/mbio on 08 August 2026 by 2603:7000:4af 0:82b0:453d:798e:1411:e42a.

Research Article mBio

3Centre Armand-Frappier Santé Biotechnologie, Institut national de la recherche
scientifique, Laval, Quebec, Canada

“Infectious Diseases Division, Department of Medicine, Uniformed Services University of
the Health Sciences, Bethesda, Maryland, USA

*Henry M Jackson Foundation for the Advancement of Military Medicine, Inc., Bethesda,
Maryland, USA

®Department of Chemistry, School of Arts and Sciences, University of Pennsylvania,
Philadelphia, Pennsylvania, USA

"Department of Medicine, Faculty of Medicine, Centre Hospitalier de I'Université de
Montréal, Montreal, Quebec, Canada

AUTHOR ORCIDs

Jonathan Richard @ http://orcid.org/0000-0002-9015-9589
Simona Stager © http://orcid.org/0000-0001-5508-9565
Marzena Pazgier (2 http://orcid.org/0000-0003-0594-5057
Andrés Finzi (2 http://orcid.org/0000-0002-4992-5288
DATA AVAILABILITY

Data and reagents are available upon request.

ETHICS APPROVAL

Written informed consent was obtained from all study participants, and the research
adhered to the ethical guidelines of CRCHUM and was reviewed and approved by the
CRCHUM institutional review board (Ethics Committee approval nos. 22.173, 11.063,
MP-02-2024-11734, and 11.062). Research adhered to the standards indicated by the
Declaration of Helsinki. All participants were adults and provided informed written
consent prior to enrollment in accordance with Institutional Review Board approval.

ADDITIONAL FILES

The following material is available online.

Supplemental Material

Supplemental Material (mBio01487-26-S0001.pdf). Supplemental tables and figures.

REFERENCES

1. Checkley MA, Luttge BG, Freed EO. 2011. HIV-1 envelope glycoprotein CD4-bound conformation is preferentially targeted by antibody-
biosynthesis, trafficking, and incorporation. J Mol Biol 410:582-608. http dependent cellular cytotoxicity-mediating antibodies in sera from HIV-1-
s://doi.org/10.1016/j.jmb.2011.04.042 infected individuals. J Virol 89:545-551. https://doi.org/10.1128/JV1.0286

2. Freed EO, Martin MA. 1995. The role of human immunodeficiency virus 8-14
type 1 envelope glycoproteins in virus infection. J Biol Chem 270:23883- 8.  Aiken C, Konner J, Landau NR, Lenburg ME, Trono D. 1994. Nef induces
23886. https://doi.org/10.1074/jbc.270.41.23883 CD4 endocytosis: requirement for a critical dileucine motif in the

3. Chen B. 2019. Molecular mechanism of HIV-1 entry. Trends Microbiol membrane-proximal CD4 cytoplasmic domain. Cell 76:853-864. https://
27:878-891. https://doi.org/10.1016/j.tim.2019.06.002 doi.org/10.1016/0092-8674(94)90360-3

4, Munro JB, Gorman J, Ma X, Zhou Z, Arthos J, Burton DR, Koff WC, Courter 9. Willey RL, Maldarelli F, Martin MA, Strebel K. 1992. Human immunodefi-
JR, Smith AB Ill, Kwong PD, Blanchard SC, Mothes W. 2014. Conforma- ciency virus type 1 Vpu protein induces rapid degradation of CD4. J Virol
tional dynamics of single HIV-1 envelope trimers on the surface of native 66:7193-7200. https://doi.org/10.1128/JVI1.66.12.7193-7200.1992
virions. Science 346:759-763. https://doi.org/10.1126/science.1254426 10. Chen BK, Gandhi RT, Baltimore D. 1996. CD4 down-modulation during

5. Wang Q, Finzi A, Sodroski J. 2020. The conformational states of the HIV-1 infection of human T cells with human immunodeficiency virus type 1
envelope glycoproteins. Trends Microbiol 28:655-667. https://doi.org/10 involves independent activities of vpu, env, and nef. J Virol 70:6044-
.1016/j.tim.2020.03.007 6053. https://doi.org/10.1128/JVI.70.9.6044-6053.1996

6.  Veillette M, Désormeaux A, Medjahed H, Gharsallah N-E, Coutu M, 11.  Tauzin A, Bélanger E, Prévost J, Medjahed H, Bourassa C, Bibollet-Ruche
Baalwa J, Guan Y, Lewis G, Ferrari G, Hahn BH, Haynes BF, Robinson JE, F, Richard J, Hahn BH, Finzi A. 2025. The HIV-1 envelope cytoplasmic tail
Kaufmann DE, Bonsignori M, Sodroski J, Finzi A. 2014. Interaction with protects infected cells from ADCC by downregulating CD4. mBio
cellular CD4 exposes HIV-1 envelope epitopes targeted by antibody- 16:201763-25. https://doi.org/10.1128/mbio.01763-25
dependent cell-mediated cytotoxicity. J Virol 88:2633-2644. https://doi.0 12.  Laumaea A, Marchitto L, Ding S, Beaudoin-Bussiéres G, Prévost J, Gasser
rg/10.1128/JV1.03230-13 R, Chatterjee D, Gendron-Lepage G, Medjahed H, Chen H-C, Smith AB

7.  Veillette M, Coutu M, Richard J, Batraville L-A, Dagher O, Bernard N, 3rd, Ding H, Kappes JC, Hahn BH, Kirchhoff F, Richard J, Duerr R, Finzi A.
Tremblay C, Kaufmann DE, Roger M, Finzi A. 2015. The HIV-1 gp120 2023. Small CD4 mimetics sensitize HIV-1-infected macrophages to

Month XXXX Volume 0 Issue 0 10.1128/mbio.01487-26 17


http://orcid.org/0000-0002-9015-9589
http://orcid.org/0000-0001-5508-9565
http://orcid.org/0000-0003-0594-5057
http://orcid.org/0000-0002-4992-5288
https://doi.org/10.1128/mbio.01487-26
https://doi.org/10.1016/j.jmb.2011.04.042
https://doi.org/10.1074/jbc.270.41.23883
https://doi.org/10.1016/j.tim.2019.06.002
https://doi.org/10.1126/science.1254426
https://doi.org/10.1016/j.tim.2020.03.007
https://doi.org/10.1128/JVI.03230-13
https://doi.org/10.1128/JVI.02868-14
https://doi.org/10.1016/0092-8674(94)90360-3
https://doi.org/10.1128/JVI.66.12.7193-7200.1992
https://doi.org/10.1128/JVI.70.9.6044-6053.1996
https://doi.org/10.1128/mbio.01763-25
https://doi.org/10.1128/mbio.01487-26

Downloaded from https://journals.asm.org/journal/mbio on 08 August 2026 by 2603:7000:4af 0:82b0:453d:798e:1411:e42a.

Research Article

20.

21.

22.

23.

24,

25.

26.

Month XXXX Volume 0

antibody-dependent cellular cytotoxicity. Cell Rep 42:111983. https://doi
.org/10.1016/j.celrep.2022.111983

Madani N, Schon A, Princiotto AM, LaLonde JM, Courter JR, Soeta T, Ng
D, Wang L, Brower ET, Xiang S-H, Do Kwon Y, Huang C, Wyatt R, Kwong
PD, Freire E, Smith AB Ill, Sodroski J. 2008. Small-molecule CD4 mimics
interact with a highly conserved pocket on HIV-1 gp120. Structure
16:1689-1701. https://doi.org/10.1016/j.5tr.2008.09.005

Melillo B, Liang S, Park J, Schén A, Courter JR, LaLonde JM, Wendler DJ,
Princiotto AM, Seaman MS, Freire E, Sodroski J, Madani N, Hendrickson
WA, Smith Al lll. 2016. Small-molecule CD4-mimics: structure-based
optimization of HIV-1 entry inhibition. ACS Med Chem Lett 7:330-334. ht
tps://doi.org/10.1021/acsmedchemlett.5b00471

Richard J, Veillette M, Brassard N, lyer SS, Roger M, Martin L, Pazgier M,
Schon A, Freire E, Routy J-P, Smith AB IlI, Park J, Jones DM, Courter JR,
Melillo BN, Kaufmann DE, Hahn BH, Permar SR, Haynes BF, Madani N,
Sodroski JG, Finzi A. 2015. CD4 mimetics sensitize HIV-1-infected cells to
ADCC. Proc Natl Acad Sci USA 112:E2687-E2694. https://doi.org/10.1073
/pnas.1506755112

Richard J, Pacheco B, Gohain N, Veillette M, Ding S, Alsahafi N, Tolbert
WD, Prévost J, Chapleau J-P, Coutu M, Jia M, Brassard N, Park J, Courter
JR, Melillo B, Martin L, Tremblay C, Hahn BH, Kaufmann DE, Wu X, Smith
AB lll, Sodroski J, Pazgier M, Finzi A. 2016. Co-receptor binding site
antibodies enable CD4-mimetics to expose conserved anti-cluster A
ADCC epitopes on HIV-1 envelope glycoproteins. EBioMedicine 12:208-
218. https://doi.org/10.1016/j.ebiom.2016.09.004

Marchitto L, Richard J, Prévost J, Tauzin A, Yang D, Chiu T-J, Chen H-C,
Diaz-Salinas MA, Nayrac M, Benlarbi M, Beaudoin-Bussiéres G, Anand SP,
Dionne K, Bélanger E, Chatterjee D, Medjahed H, Bourassa C, Tolbert WD,
Hahn BH, Munro JB, Pazgier M, Smith AB Ill, Finzi A. 2024. The combina-
tion of three CD4-induced antibodies targeting highly conserved Env
regions with a small CD4-mimetic achieves potent ADCC activity. J Virol
98:e01016-24. https://doi.org/10.1128/jvi.01016-24

Tauzin A, Marchitto L, Bélanger E, Benlarbi M, Beaudoin-Bussiéres G,
Prévost J, Yang D, Chiu T-J, Chen H-C, Bourassa C, Medjahed H,
Korzeniowski MK, Gottumukkala S, Tolbert WD, Richard J, Smith AB Ill,
Pazgier M, Finzi A. 2024. Three families of CD4-induced antibodies are
associated with the capacity of plasma from people living with HIV to
mediate ADCC in the presence of CD4-mimetics. J Virol 98:e00960-24. ht
tps://doi.org/10.1128/jvi.00960-24

Richard J, Grunst MW, Niu L, Diaz-Salinas MA, Zhu L, Tolbert WD,
Marchitto L, Zhou F, Bourassa C, Kim H, et al. 2025. The asymmetric
opening of HIV-1 Env by a potent CD4 mimetic enables anti-coreceptor
binding site antibodies to mediate ADCC. Nat Commun 16:10419. https:/
/doi.org/10.1038/541467-025-65866-x

Fritschi CJ, Anang S, Gong Z, Mohammadi M, Richard J, Bourassa C,
Severino KT, Richter H, Yang D, Chen H-C, Chiu T-J, Seaman MS, Madani
N, Abrams C, Finzi A, Hendrickson WA, Sodroski JG, Smith AB IIl. 2023.
Indoline CD4-mimetic compounds mediate potent and broad HIV-1
inhibition and sensitization to antibody-dependent cellular cytotoxicity.
Proc Natl Acad Sci USA 120:e2222073120. https://doi.org/10.1073/pnas.
2222073120

Ramsland PA, Farrugia W, Bradford TM, Sardjono CT, Esparon S, Trist HM,
Powell MS, Tan PS, Cendron AC, Wines BD, Scott AM, Hogarth PM. 2011.
Structural basis for FcyRlla recognition of human IgG and formation of
inflammatory signaling complexes. J Immunol 187:3208-3217. https://d
0i.0rg/10.4049/jimmunol.1101467

Lu J, Chu J, Zou Z, Hamacher NB, Rixon MW, Sun PD. 2015. Structure of
FcyRI in complex with Fc reveals the importance of glycan recognition
for high-affinity IgG binding. Proc Natl Acad Sci USA 112:833-838. https:/
/doi.org/10.1073/pnas.1418812112

Mazengera RL, Kerr MA. 1990. The specificity of the IgA receptor purified
from human neutrophils. Biochem J 272:159-165. https://doi.org/10.104
2/bj2720159

Tay MZ, Wiehe K, Pollara J. 2019. Antibody-dependent cellular
phagocytosis in antiviral immune responses. Front Immunol 10:332. http
s://doi.org/10.3389/fimmu.2019.00332

Snow BJ, Keles NK, Grunst MW, Janaka SK, Behrens RT, Evans DT. 2024.
Potent broadly neutralizing antibodies mediate efficient antibody-
dependent phagocytosis of HIV-infected cells. PLoS Pathog
20:1012665. https://doi.org/10.1371/journal.ppat.1012665

Duchemin M, Tudor D, Cottignies-Calamarte A, Bomsel M. 2020.
Antibody-dependent cellular phagocytosis of HIV-1-infected cells is
efficiently triggered by IgA targeting HIV-1 envelope subunit gp41. Front
Immunol 11:1141. https://doi.org/10.3389/fimmu.2020.01141

Issue 0

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

mBio

Forthal DN, Landucci G, Bream J, Jacobson LP, Phan TB, Montoya B. 2007.
FcyRlla genotype predicts progression of HIV infection. J Immunol
179:7916-7923. https://doi.org/10.4049/jimmunol.179.11.7916

Chung AW, Ghebremichael M, Robinson H, Brown E, Choi |, Lane S,
Dugast A-S, Schoen MK, Rolland M, Suscovich TJ, Mahan AE, Liao L,
Streeck H, Andrews C, Rerks-Ngarm S, Nitayaphan S, de Souza MS,
Kaewkungwal J, Pitisuttithum P, Francis D, Michael NL, Kim JH, Bailey-
Kellogg C, Ackerman ME, Alter G. 2014. Polyfunctional Fc-effector
profiles mediated by IgG subclass selection distinguish RV144 and
VAX003 vaccines. Sci Trans| Med 6:228ra38. https://doi.org/10.1126/scitr
anslmed.3007736

Neidich SD, Fong Y, Li SS, Geraghty DE, Williamson BD, Young WC,
Goodman D, Seaton KE, Shen X, Sawant S, et al. 2019. Antibody Fc
effector functions and 1gG3 associate with decreased HIV-1 risk. J Clin
Invest 129:4838-4849. https://doi.org/10.1172/JCI126391

Om K, Paquin-Proulx D, Montero M, Peachman K, Shen X, Wieczorek L,
Beck Z, Weiner JA, Kim D, Li Y, et al. 2020. Adjuvanted HIV-1 vaccine
promotes antibody-dependent phagocytic responses and protects
against heterologous SHIV challenge. PLoS Pathog 16:1008764. https://
doi.org/10.1371/journal.ppat.1008764

Ackerman ME, Moldt B, Wyatt RT, Dugast A-S, McAndrew E, Tsoukas S,
Jost S, Berger CT, Sciaranghella G, Liu Q, Irvine DJ, Burton DR, Alter G.
2011. A robust, high-throughput assay to determine the phagocytic
activity of clinical antibody samples. J Immunol Methods 366:8-19. https
//doi.org/10.1016/j.jim.2010.12.016

Tay MZ, Liu P, Williams LD, McRaven MD, Sawant S, Gurley TC, Xu TT,
Dennison SM, Liao H-X, Chenine A-L, Alam SM, Moody MA, Hope TJ,
Haynes BF, Tomaras GD. 2016. Antibody-mediated internalization of
infectious HIV-1 virions differs among antibody isotypes and subclasses.
PLoS Pathog 12:1005817. https://doi.org/10.1371/journal.ppat.1005817
Wills S, Hwang K-K, Liu P, Dennison SM, Tay MZ, Shen X, Pollara J, Lucas
JT, Parks R, Rerks-Ngarm S, et al. 2018. HIV-1-specific IgA monoclonal
antibodies from an HIV-1 vaccinee mediate galactosylceramide blocking
and phagocytosis. J Virol 92:e01552-17. https://doi.org/10.1128/JV1.0155
2-17

Richard J, Prévost J, von Bredow B, Ding S, Brassard N, Medjahed H,
Coutu M, Melillo B, Bibollet-Ruche F, Hahn BH, Kaufmann DE, Smith AB
I, Sodroski J, Sauter D, Kirchhoff F, Gee K, Neil SJ, Evans DT, Finzi A.
2017. BST-2 expression modulates small CD4-mimetic sensitization of
HIV-1-infected cells to antibody-dependent cellular cytotoxicity. J Virol
91:€00219-17. https://doi.org/10.1128/JV1.00219-17

Durand M, Chartrand-Lefebvre C, Baril J-G, Trottier S, Trottier B, Harris M,
Walmsley S, Conway B, Wong A, Routy J-P, Kovacs C, MacPherson PA,
Monteith KM, Mansour S, Thanassoulis G, Abrahamowicz M, Zhu Z,
Tsoukas C, Ancuta P, Bernard N, Tremblay CL, For the investigators of the
Canadian HIV and Aging Cohort Study. 2017. The Canadian HIV and
aging cohort study - determinants of increased risk of cardio-vascular
diseases in HIV-infected individuals: rationale and study protocol. BMC
Infect Dis 17:611. https://doi.org/10.1186/512879-017-2692-2

Richard J, Sannier G, Zhu L, Prévost J, Marchitto L, Benlarbi M, Beaudoin-
Bussieres G, Kim H, Sun Y, Chatterjee D, Medjahed H, Bourassa C,
Delgado G-G, Dubé M, Kirchhoff F, Hahn BH, Kumar P, Kaufmann DE,
Finzi A. 2024. CD4 downregulation precedes Env expression and
protects HIV-1-infected cells from ADCC mediated by non-neutralizing
antibodies. mBio 15:01827-24. https://doi.org/10.1128/mbio.01827-24
Ochsenbauer C, Edmonds TG, Ding H, Keele BF, Decker J, Salazar MG,
Salazar-Gonzalez JF, Shattock R, Haynes BF, Shaw GM, Hahn BH, Kappes
JC. 2012. Generation of transmitted/founder HIV-1 infectious molecular
clones and characterization of their replication capacity in CD4 T
lymphocytes and monocyte-derived macrophages. J Virol 86:2715-
2728. https://doi.org/10.1128/JV1.06157-11

Gondim MVP, Sherrill-Mix S, Bibollet-Ruche F, Russell RM, Trimboli S,
Smith AG, Li Y, Liu W, Avitto AN, DeVoto JC, et al. 2021. Heightened
resistance to host type 1 interferons characterizes HIV-1 at transmission
and after antiretroviral therapy interruption. Sci Transl Med
13:eabd8179. https://doi.org/10.1126/scitransimed.abd8179

Parrish NF, Gao F, Li H, Giorgi EE, Barbian HJ, Parrish EH, Zajic L, lyer SS,
Decker JM, Kumar A, et al. 2013. Phenotypic properties of transmitted
founder HIV-1. Proc Natl Acad Sci USA 110:6626-6633. https://doi.org/10
.1073/pnas.1304288110

Kmiec D, lyer SS, Stiirzel CM, Sauter D, Hahn BH, Kirchhoff F. 2016. Vpu-
mediated counteraction of tetherin is a major determinant of HIV-1
interferon resistance. mBio 7:€00934-16. https://doi.org/10.1128/mBio.0
0934-16

10.1128/mbio.01487-26 18


https://doi.org/10.1016/j.celrep.2022.111983
https://doi.org/10.1016/j.str.2008.09.005
https://doi.org/10.1021/acsmedchemlett.5b00471
https://doi.org/10.1073/pnas.1506755112
https://doi.org/10.1016/j.ebiom.2016.09.004
https://doi.org/10.1128/jvi.01016-24
https://doi.org/10.1128/jvi.00960-24
https://doi.org/10.1038/s41467-025-65866-x
https://doi.org/10.1073/pnas.2222073120
https://doi.org/10.4049/jimmunol.1101467
https://doi.org/10.1073/pnas.1418812112
https://doi.org/10.1042/bj2720159
https://doi.org/10.3389/fimmu.2019.00332
https://doi.org/10.1371/journal.ppat.1012665
https://doi.org/10.3389/fimmu.2020.01141
https://doi.org/10.4049/jimmunol.179.11.7916
https://doi.org/10.1126/scitranslmed.3007736
https://doi.org/10.1172/JCI126391
https://doi.org/10.1371/journal.ppat.1008764
https://doi.org/10.1016/j.jim.2010.12.016
https://doi.org/10.1371/journal.ppat.1005817
https://doi.org/10.1128/JVI.01552-17
https://doi.org/10.1128/JVI.00219-17
https://doi.org/10.1186/s12879-017-2692-2
https://doi.org/10.1128/mbio.01827-24
https://doi.org/10.1128/JVI.06157-11
https://doi.org/10.1126/scitranslmed.abd8179
https://doi.org/10.1073/pnas.1304288110
https://doi.org/10.1128/mBio.00934-16
https://doi.org/10.1128/mbio.01487-26

Downloaded from https://journals.asm.org/journal/mbio on 08 August 2026 by 2603:7000:4af 0:82b0:453d:798e:1411:e42a.

Research Article

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

Month XXXX Volume 0

Heigele A, Kmiec D, Regensburger K, Langer S, Peiffer L, Stiirzel CM,
Sauter D, Peeters M, Pizzato M, Learn GH, Hahn BH, Kirchhoff F. 2016. The
potency of Nef-mediated SERINC5 antagonism correlates with the
prevalence of primate lentiviruses in the wild. Cell Host Microbe 20:381-
391. https://doi.org/10.1016/j.chom.2016.08.004

Ding S, Veillette M, Coutu M, Prévost J, Scharf L, Bjorkman PJ, Ferrari G,
Robinson JE, Stiirzel C, Hahn BH, Sauter D, Kirchhoff F, Lewis GK, Pazgier
M, Finzi A. 2016. A highly conserved residue of the HIV-1 gp120 inner
domain is important for antibody-dependent cellular cytotoxicity
responses mediated by anti-cluster A antibodies. J Virol 90:2127-2134. h
ttps://doi.org/10.1128/JV1.02779-15

Prévost J, Pickering S, Mumby MJ, Medjahed H, Gendron-Lepage G,
Delgado GG, Dirk BS, Dikeakos JD, Stiirzel CM, Sauter D, Kirchhoff F,
Bibollet-Ruche F, Hahn BH, Dubé M, Kaufmann DE, Neil SJD, Finzi A,
Richard J. 2019. Upregulation of BST-2 by type | interferons reduces the
capacity of vpu to protect HIV-1-infected cells from NK cell responses.
mBio 10:e01113-19. https://doi.org/10.1128/mBio.01113-19

Neil SJD, Zang T, Bieniasz PD. 2008. Tetherin inhibits retrovirus release
and is antagonized by HIV-1 Vpu. Nature 451:425-430. https://doi.org/10
.1038/nature06553

Arias JF, Heyer LN, von Bredow B, Weisgrau KL, Moldt B, Burton DR,
Rakasz EG, Evans DT. 2014. Tetherin antagonism by Vpu protects HIV-
infected cells from antibody-dependent cell-mediated cytotoxicity. Proc
Natl Acad Sci USA 111:6425-6430. https://doi.org/10.1073/pnas.132150
7111

Kwong PD, Wyatt R, Robinson J, Sweet RW, Sodroski J, Hendrickson WA.
1998. Structure of an HIV gp120 envelope glycoprotein in complex with
the CD4 receptor and a neutralizing human antibody. Nature 393:648-
659. https://doi.org/10.1038/31405

Antiretroviral Therapy Cohort Collaboration. 2008. Life expectancy of
individuals on combination antiretroviral therapy in high-income
countries: a collaborative analysis of 14 cohort studies. Lancet 372:293—
299. https://doi.org/10.1016/50140-6736(08)61113-7

Finzi D, Hermankova M, Pierson T, Carruth LM, Buck C, Chaisson RE,
Quinn TC, Chadwick K, Margolick J, Brookmeyer R, Gallant J, Markowitz
M, Ho DD, Richman DD, Siliciano RF. 1997. Identification of a reservoir for
HIV-1 in patients on highly active antiretroviral therapy. Science
278:1295-1300. https://doi.org/10.1126/science.278.5341.1295
Chomont N, El-Far M, Ancuta P, Trautmann L, Procopio FA, Yassine-Diab
B, Boucher G, Boulassel M-R, Ghattas G, Brenchley JM, Schacker TW, Hill
BJ, Douek DC, Routy J-P, Haddad EK, Sékaly R-P. 2009. HIV reservoir size
and persistence are driven by T cell survival and homeostatic prolifera-
tion. Nat Med 15:893-900. https://doi.org/10.1038/nm.1972

Alsahafi N, Anand SP, Castillo-Menendez L, Verly MM, Medjahed H,
Prévost J, Herschhorn A, Richard J, Schén A, Melillo B, Freire E, Smith AB
3rd, Sodroski J, Finzi A. 2018. SOSIP changes affect human immunodefi-
ciency virus type 1 envelope glycoprotein conformation and CD4
engagement. J Virol 92:e01080-18. https://doi.org/10.1128/JVI.01080-18
Shah AH, Sowrirajan B, Davis ZB, Ward JP, Campbell EM, Planelles V,
Barker E. 2010. Degranulation of natural killer cells following interaction
with HIV-1-infected cells is hindered by downmodulation of NTB-A by
Vpu. Cell Host Microbe 8:397-409. https://doi.org/10.1016/j.chom.2010.
10.008

Marchitto L, Benlarbi M, Prévost J, Laumaea A, Descoteaux-Dinelle J,
Medjahed H, Bourassa C, Gendron-Lepage G, Kirchhoff F, Sauter D, Hahn
BH, Finzi A, Richard J. 2023. Impact of HIV-1 Vpu-mediated downregula-
tion of CD48 on NK-cell-mediated antibody-dependent cellular
cytotoxicity. mBio 14:e00789-23. https://doi.org/10.1128/mbio.00789-23
Matusali G, Potesta M, Santoni A, Cerboni C, Doria M. 2012. The human
immunodeficiency virus type 1 Nef and Vpu proteins downregulate the

Issue 0

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

mBio

natural killer cell-activating ligand PVR. J Virol 86:4496-4504. https://doi.
org/10.1128/JV1.05788-11

Ma X, Lu M, Gorman J, Terry DS, Hong X, Zhou Z, Zhao H, Altman RB,
Arthos J, Blanchard SC, Kwong PD, Munro JB, Mothes W. 2018. HIV-1 Env
trimer opens through an asymmetric intermediate in which individual
protomers adopt distinct conformations. eLife 7:e34271. https://doi.org/
10.7554/eLife.34271

Alsahafi N, Bakouche N, Kazemi M, Richard J, Ding S, Bhattacharyya S,
Das D, Anand SP, Prévost J, Tolbert WD, Lu H, Medjahed H, Gendron-
Lepage G, Ortega Delgado GG, Kirk S, Melillo B, Mothes W, Sodroski J,
Smith AB I, Kaufmann DE, Wu X, Pazgier M, Rouiller |, Finzi A, Munro JB.
2019. An asymmetric opening of HIV-1 envelope mediates antibody-
dependent cellular cytotoxicity. Cell Host Microbe 25:578-587. https://d
0i.0rg/10.1016/j.chom.2019.03.002

Anand SP, Prévost J, Baril S, Richard J, Medjahed H, Chapleau J-P, Tolbert
WD, Kirk S, Smith AB Ill, Wines BD, Kent SJ, Hogarth PM, Parsons MS,
Pazgier M, Finzi A. 2019. Two families of Env antibodies efficiently
engage Fc-gamma receptors and eliminate HIV-1-infected cells. J Virol
93:€01823-18. https://doi.org/10.1128/JV1.01823-18

Kedzierska K, Azzam R, Ellery P, Mak J, Jaworowski A, Crowe SM. 2003.
Defective phagocytosis by human monocyte/macrophages following
HIV-1 infection: underlying mechanisms and modulation by adjunctive
cytokine therapy. J Clin Virol 26:247-263. https://doi.org/10.1016/51386-
6532(02)00123-3

Teer E, Joseph DE, Glashoff RH, Faadiel Essop M. 2021. Monocyte/
macrophage-mediated innate immunity in HIV-1 infection: from early
response to late dysregulation and links to cardiovascular diseases
onset. Virol Sin 36:565-576. https://doi.org/10.1007/512250-020-00332-0
Cohn LB, Chomont N, Deeks SG. 2020. The biology of the HIV-1 latent
reservoir and implications for cure strategies. Cell Host Microbe 27:519-
530. https://doi.org/10.1016/j.chom.2020.03.014

Dufour C, Ruiz MJ, Pagliuzza A, Richard C, Shahid A, Fromentin R, Ponte
R, Cattin A, Wiche Salinas TR, Salahuddin S, Sandstrom T, Schinkel SB,
Costiniuk CT, Jenabian M-A, Ancuta P, Routy J-P, Cohen EA, Brumme ZL,
Power C, Angel JB, Chomont N. 2023. Near full-length HIV sequencing in
multiple tissues collected postmortem reveals shared clonal expansions
across distinct reservoirs during ART. Cell Rep 42:113053. https://doi.org/
10.1016/j.celrep.2023.113053

Luteijn R, Sciaranghella G, van Lunzen J, Nolting A, Dugast A-S,
Ghebremichael MS, Altfeld M, Alter G. 2011. Early viral replication in
lymph nodes provides HIV with a means by which to escape NK-cell-
mediated control. Eur J Immunol 41:2729-2740. https://doi.org/10.1002/
€ji.201040886

Scully E, Alter G. 2016. NK cells in HIV disease. Curr HIV/AIDS Rep 13:85-
94. https://doi.org/10.1007/s11904-016-0310-3

Solis-Leal A, Boby N, Mallick S, Cheng Y, Wu F, De La Torre G, Dufour J,
Alvarez X, Shivanna V, Liu Y, Fennessey CM, Lifson JD, Li Q, Keele BF, Ling
B. 2023. Lymphoid tissues contribute to plasma viral clonotypes early
after antiretroviral therapy interruption in SIV-infected rhesus macaques.
Sci Transl Med 15:eadi9867. https://doi.org/10.1126/scitransimed.adi986
7

Cerutti A, Chen K, Chorny A. 2011. Immunoglobulin responses at the
mucosal interface. Annu Rev Immunol 29:273-293. https://doi.org/10.11
46/annurev-immunol-031210-101317

Li Y, Jin L, Chen T. 2020. The effects of secretory IgA in the mucosal
immune system. Biomed Res Int 2020:2032057. https://doi.org/10.1155/
2020/2032057

Monteiro RC, Van De Winkel JGJ. 2003. IgA Fc receptors. Annu Rev
Immunol 21:177-204. https://doi.org/10.1146/annurev.immunol.21.120
601.141011

10.1128/mbi0.01487-26 19


https://doi.org/10.1016/j.chom.2016.08.004
https://doi.org/10.1128/JVI.02779-15
https://doi.org/10.1128/mBio.01113-19
https://doi.org/10.1038/nature06553
https://doi.org/10.1073/pnas.1321507111
https://doi.org/10.1038/31405
https://doi.org/10.1016/S0140-6736(08)61113-7
https://doi.org/10.1126/science.278.5341.1295
https://doi.org/10.1038/nm.1972
https://doi.org/10.1128/JVI.01080-18
https://doi.org/10.1016/j.chom.2010.10.008
https://doi.org/10.1128/mbio.00789-23
https://doi.org/10.1128/JVI.05788-11
https://doi.org/10.7554/eLife.34271
https://doi.org/10.1016/j.chom.2019.03.002
https://doi.org/10.1128/JVI.01823-18
https://doi.org/10.1016/s1386-6532(02)00123-3
https://doi.org/10.1007/s12250-020-00332-0
https://doi.org/10.1016/j.chom.2020.03.014
https://doi.org/10.1016/j.celrep.2023.113053
https://doi.org/10.1002/eji.201040886
https://doi.org/10.1007/s11904-016-0310-3
https://doi.org/10.1126/scitranslmed.adi9867
https://doi.org/10.1146/annurev-immunol-031210-101317
https://doi.org/10.1155/2020/2032057
https://doi.org/10.1146/annurev.immunol.21.120601.141011
https://doi.org/10.1128/mbio.01487-26

	Nef and Vpu protect infected cells from ADCP mediated by plasma from people with HIV-1
	MATERIALS AND METHODS
	Cell culture and isolation of primary cells
	Antibody production and purification
	Plasma and antibodies
	Small CD4-mimetic compound
	Proviral constructs
	Viral production and infections
	Interferon treatment
	Cell surface and intracellular staining
	FACS-based ADCP assay
	Image capture flow cytometry
	Quantification and statistical analysis

	RESULTS
	Accessory proteins Nef and Vpu protect HIV-1-infected cells from ADCP
	Env conformation modulates the susceptibility of HIV-1-infected cells to ADCP
	“Opening up” Env with CD4mc sensitizes cells to ADCP
	Anti-cluster A antibodies play an important role in ADCP mediated by plasma from PWH
	IFN-β enhances ADCP activity of PWH plasma in the presence of CJF-III-288

	DISCUSSION


