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Abstract: Natural Killer (NK) cells have the potential to eliminate HIV-1-infected cells by antibody-
dependent cellular cytotoxicity (ADCC). NK cell activation is tightly regulated by the engagement of
its inhibitory and activating receptors. The activating receptor CD16 drives ADCC upon binding to
the Fc portion of antibodies; NK cell activation is further sustained by the co-engagement of activating
receptors NTB-A and 2B4. During HIV-1 infection, Nef and Vpu accessory proteins contribute to
ADCC escape by downregulating the ligands of NTB-A and 2B4. HIV-1 also evades ADCC by
keeping its envelope glycoproteins (Env) in a “closed” conformation which effectively masks epitopes
recognized by non-neutralizing antibodies (nnAbs) which are abundant in the plasma of people
living with HIV. To achieve this, the virus uses its accessory proteins Nef and Vpu to downregulate
the CD4 receptor, which otherwise interacts with Env and exposes the epitopes recognized by nnAbs.
Small CD4-mimetic compounds (CD4mc) have the capacity to expose these epitopes, thus sensitizing
infected cells to ADCC. Given the central role of NK cell co-activating receptors NTB-A and 2B4
in Fc-effector functions, we studied their contribution to CD4mc-mediated ADCC. Despite the fact
that their ligands are partially downregulated by HIV-1, we found that both co-activating receptors
significantly contribute to CD4mc sensitization of HIV-1-infected cells to ADCC.
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1. Introduction

Increasing evidence highlights the central role of Fc-mediated antibody effector func-
tions in eliminating HIV-1-infected cells in vitro and in vivo [1,2]. Among these Fc effector
functions, antibody-dependent cellular cytotoxicity (ADCC) mediated by Naturel Killer
(NK) cells is a major mechanism to clear HIV-1-infected cells [3-9]. NK cells express a
complex array of inhibitory and activating receptors that tightly control their effector func-
tion including ADCC. Among NK cell activating receptors, CD16 (FcyRIlla) has increased
affinity for IgG Fc fragment [10]. CD16 engagement by antibodies triggers the release of
NK cells” lytic granules, leading to target cell death [11].

Non-neutralizing antibodies (nnAbs) targeting the HIV envelope glycoprotein (Env)
are readily elicited after infection and mediate potent ADCC when their epitopes are ex-
posed in downstream “open” Env conformations [12-16]. Viral accessory proteins Nef
and Vpu tightly regulate Env conformation by downregulating cell surface CD4 [17-20],
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preventing a premature encounter between Env and CD4 which would otherwise re-
sult in the exposure of these vulnerable epitopes [14-16,21-26]. Thus, primary viruses
sample a “closed” conformation [27] where the epitopes recognized by these nnAbs
are occluded. This mechanism contributes to the resistance of HIV-1-infected cells to
ADCC [14,15,26,28,29]. Env accumulation at the cell surface is also indirectly regulated by
Vpu-mediated counteraction of the host restriction factor Tetherin/BST-2 [30-33]. Teth-
erin restricts the budding of viral particles resulting in Env accumulation at the cell sur-
face [14,30-32]. In addition, HIV-1 accessory proteins Nef and Vpu interfere with NK cells
by downregulating ligands of the activating and co-activating NK cell receptors from the
surface of HIV-1-infected cells [34-39].

Despite the significant role of NK cells in eliminating HIV-1-infected cells, their capac-
ity to effectively clear and control viremia remains limited due to the difficulty of antibodies
to recognize Env at the surface of infected cells. One strategy to overcome this limita-
tion consists of forcing Env to sample “open” conformations using small CD4-mimetic
compound (CD4mc). CD4mc, including CJF-III-288, bind within the Env Phe43 cavity
and trigger conformational changes similar to those induced by membrane-bound CD4,
resulting in the exposure of epitopes recognized by nnAbs [3,16,23,24,40,41]. This strategy
has proven effective in vitro and in vivo using CD4mc and plasma from people living with
HIV (PLWH) or cocktails of nnAbs [3,16,23,24,40,42]. Recently, we described a cocktail of
nnAbs combined with a new indoline CD4mc, CJF-111-288, that mediated potent ADCC
against a panel of primary viruses [43]. The nnAb part of the cocktail is comprised of
anti-cluster A Ab, anti-coreceptor binding site (CoRBS) Ab, and anti-gp41 cluster I Ab at
equimolar ratios [43].

While CD16 engagement induces NK cell degranulation, their lytic activity is main-
tained and increased through synergistic interactions with other NK cell activating re-
ceptors, such as DNAM-1, NKG2D, and co-activating receptors, including NTB-A and
2B4 [36,39,44-47]. NTB-A and 2B4 are part of the Signaling Lymphocyte Activation
Molecules (SLAM) family [48]. NTB-A makes homophilic interaction and is expressed both
at the surface of human NK cells and CD4 T cells [49]. In contrast, 2B4 is expressed at the
surface of NK cells and binds CD48, a cell surface protein expressed on CD4 T cells [50,51].
Both co-activating receptors NTB-A and 2B4 play a central role in ADCC response by
their synergistic activity with CD16, NKG2D, and DNAM-1 [36,39]. Interestingly, their
respective ligands (NTB-A and CD48) were shown to be downmodulated at the surface
of primary CD4 T cells infected in vitro [36,37,39] as well as ex vivo-expanded CD4 T
cells isolated from PLWH [52]. This downmodulation mediated by Vpu was shown to
contribute to reduce the ADCC directed against HIV-1-infected cells [36,39]. However,
while their ligands are incompletely downregulated by Vpu, their remaining expression
on HIV-1-infected cells might be sufficient for NTB-A and 2B4 to synergize with CD16,
thereby still impacting ADCC. Furthermore, NTB-A and 2B4 expression on NK cells from
PLWH was suggested to remain stable over time, as opposed to the activating receptors
NKp30, NKp44, NKp46, and NKG2D [53-55]. Given the efficacy of a recently developed
cocktail to eliminate HIV-1-infected cells by ADCC and the central role of NTB-A and
2B4 in synergizing with CD16, we wanted to characterize the role of these co-activating
receptors in the elimination of HIV-1-infected cells by nnAbs combined with CD4mc.

2. Materials and Methods
2.1. Ethics Statement

Written informed consent was obtained from all study participants, and the research
adhered to the ethical guidelines of CRCHUM and was reviewed and approved on
21 September 2023 by the CRCHUM Institutional Review Board (Ethics Committee ap-
proval number MP-02-2024-11734). The research adhered to the standards indicated by the
Declaration of Helsinki.
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2.2. Cell Lines and Primary Cells

HEK293T human embryonic kidney cells (obtained from ATCC) were maintained at
37 °C under 5% CO; in Dulbecco’s Modified Eagle Medium (DMEM) (Wisent, Saint-Jean-
Baptiste, QC, Canada), supplemented with 5% fetal bovine serum (FBS) (VWR, Atlanta,
GA, USA) and 100 U/mL penicillin/streptomycin (Wisent). Primary human PBMCs and
CD4" T cells were isolated, activated, and cultured as previously described [15]. Briefly,
PBMCs were obtained by leukapheresis from four HIV-negative individuals (three males
and one female) and primary CD4" T lymphocytes were purified from resting PBMCs
with negative selection using immunomagnetic beads per the manufacturer’s instructions
(StemCell Technologies, Vancouver, Canada) and were activated with phytohemagglutinin-
L (10 ug/mL) for 48 h. CD4 T cells were maintained in RPMI 1640 complete medium
supplemented with rIL-2 (100 U/mL).

2.3. Plasmids, Antibodies, and Plasma

The following antibodies were used to assess cell-surface Env staining and ADCC
responses: A32 (plasmids for HC and LC were kindly provided by James Robinson);
anti-CoRBS 17b (plasmids for HC and LC were kindly provided by James Robinson);
anti-gp41 nnAb 246D (plasmids for HC, Cat#13741 and LC, Cat#13742 were provided
by NIH AIDS Reagent Program [56]), Human NTB-A/SLAMF6 APC-conjugated (R&D
System, Minneapolis, MN, USA), and APC or PerCp/Cy5.5 anti-human CD48 (clone BJ40,
Biolegend) were used to assess respective cell surface protein levels. Goat anti-human
and anti-mouse antibodies pre-coupled to Alexa Fluor 647 (Invitrogen, Waltham, MA,
USA) were used as secondary antibodies in flow cytometry experiments when required.
Plasma from PLWH were collected, heat-inactivated and conserved at —80 °C until use.
Characteristics of the PLWH donors are described in Table 1. Mouse anti-human CD4
(clone OKT4, FITC-conjugated; Biolegend, San Diego, CA, USA) and anti-p24 mAb (clone
KC57; PE-conjugated;Beckman Coulter, Brea, CA, USA) or mouse anti-human CD4 (clone
OKT4, PE-conjugated; Biolegend, San Diego, CA, USA) and anti-p24 mAb (clone KC57;
FITC-conjugated; Beckman Coulter) were used to identify the productively infected cells as
previously described [26].

Table 1. Cohort characteristics.

All Samples Chronic Infected ART-Treated

Number of plasma samples 9 4 5
Median age 34 34 36
(IQR) (28-56) (28-40) (33-56)
Sex Male (8) Male (4) Male (4)
Female (1) Female (0) Female (1)
Median days since 1143 1158 1018
Infection (IQR) (792-5166) (856-1194) (792-5166)
Median viral load 50 35,341 50
(Copies/mL, IQR) (40-809,600) (29,234-809,600) (40-50)
Median CD4 T cell count 570 416 600
(Cells/mm?, IQR) (200-1149) (200-691) (570-1149)

2.4. Antibody Expression and Purification

FreeStyle 293F cells (Thermo Fisher Scientific, Waltham, MA, USA) were grown in
FreeStyle 293F medium (Thermo Fisher Scientific) to a density of 1 x 106 cells/mL at
37 °C with 8% CO, with regular agitation (150 rpm). Cells were transfected with plas-
mids expressing the light and heavy chains of A32, 17b, and 246D Abs using ExpiFec-
tamine 293 transfection reagent, as directed by the manufacturer (Thermo Fisher Scientific).
One week later, the cells were pelleted and discarded. The supernatants were filtered
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(0.22 um pore size filter), and antibodies were purified by protein A affinity columns, as
directed by the manufacturer (Cytiva, Marlborough, MA, USA). Antibodies were dialyzed
against phosphate-buffered saline (PBS) and stored in aliquots at —80 °C. To assess purity,
recombinant proteins were loaded on SDS-PAGE polyacrylamide gels in the presence or
absence of (3-mercaptoethanol and stained with Coomassie blue.

2.5. Small Molecules

The small-molecule CD4-mimetic compound (CD4mc) CJE-I1I-288 was synthesized as
described previously [57]. The compound was dissolved in dimethyl sulfoxide (DMSO) at
a stock concentration of 10 mM and diluted at 50 uM concentration in phosphate-buffered
saline (PBS) for cell surface staining or in RPMI-1640 complete medium for ADCC assays.

2.6. Proviral Constructs

The vesicular stomatitis virus G (VSV-G)-encoding plasmid was previously described [58].
Transmitted /Founder (T/F) infectious molecular clone (IMC) CH058 (CHO058TF) was
previously described [59,60].

2.7. Viral Production and Infection

Vesicular stomatitis virus G (VSV-G)-pseudotyped HIV-1 viruses were produced by
co-transfection of HEK293T cells with an HIV-1 proviral construct and a VSV-G-encoding
vector using the PEI reagent (Polysciences). Two days post-transfection, cell supernatants
were harvested, clarified by low-speed centrifugation (300 g for 5 min), and concentrated
by ultracentrifugation at 4 °C (100,605x g for 1 h) over a 20% sucrose cushion. Pellets
were resuspended in fresh RPMI, and aliquots were stored at —80 °C until use. To achieve
a similar level of infection in primary CD4" T cells, VSV-G-pseudotyped HIV-1 viruses
were produced and titrated as previously described [15,16]. Viruses were then used to
infect activated primary CD4* T cells from HIV-1-negative donors by spin infection at
800x g for 1 h in 96-well plates at 25 °C. All experiments using VSV-G-pseudotyped HIV-1
isolates were conducted in a biosafety level 3 laboratory following manipulation protocols
accepted by the CRCHUM Biosafety Committee, which respects the requirements of the
Public Health Agency of Canada.

2.8. Flow Cytometry Analysis of Cell Surface and Intracellular Staining

Cell surface staining of infected primary CD4* T cells was performed 48 h post-
infection, as previously described [16,40]. Infected CD4 T cells were incubated for 30 min
at 37 °C with anti-Env mAbs (5 pg/mL) or with plasma (dilution 1:1000). Cells were
then washed once with PBS and stained with the anti-human Alexa Fluor 647-conjugated
secondary antibody (2 ug/mL), AquaVivid (dilution 1:1000), and anti-CD4 FITC (1:1000)
for 20 min at room temperature. Alternatively, primary CD4 T cells were stained with APC-
conjugated anti-NTB-A (dilution 1:100) or anti-CD48 (dilution 1:100) for 30 min at 37 °C.
After one more PBS wash, cells were fixed in a 2% PBS-formaldehyde solution. Infected
cells were then permeabilized using the Cytofix/Cytoperm Fixation/Permeabilization Kit
(BD Biosciences, Mississauga, ON, Canada) and stained intracellularly using PE-conjugated
mouse anti-p24 mAb (clone KC57; Beckman Coulter, Brea, CA, USA; 1:100 dilution) or
FITC-conjugated mouse anti-p24 mAb (clone KC57; Beckman Coulter, Brea, CA, USA;
1:100 dilution). The gating strategy is depicted in Supplemental Figure S3A.

2.9. FACS-Based ADCC Assay

Measurement of ADCC using a FACS-based assay was performed at 48 h post-infection
as previously described [16]. Of note, this assay specifically measures the killing of pro-
ductively infected cells (CD4°“p24+) and is not affected by the presence of uninfected
bystander cells [26,61]. Briefly, infected purified primary CD4" T cells were stained with vi-
ability dye (AquaVivid; ThermoFisher Scientific, Waltham, MA, USA) and cell proliferation
dye (eFluor670; eBioscience, San Diego, CA, USA) and used as target cells. Autologous
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PBMC effector cells, stained with another cellular marker (cell proliferation dye eFluor450;
eBioscience) were added as an effector: target ratio of 10:1 in 96-well V-bottom plates
(Corning, Corning, NY, USA). nnAbs A32/17b /246D mAbs (5 pg/mL total) or plasma
(1:1000) were added to appropriate wells and cells were incubated for 15 min at room
temperature. The plates were subsequently centrifuged for 1 min at 300x ¢ and incubated
at 37 °C, 5% CO, for 5-6 h before being fixed in a 2% PBS-formaldehyde solution. Infected
cells were identified by intracellular staining for HIV-1 p24 protein and by detection of
cell surface CD4, as described above. Alternatively, effector cells were preincubated for
30 min in the presence of anti-NTB-A and/or anti-2B4 antibodies or their matched IgG
isotype control (10 ug/mL) prior to being directly incubated with target cells in the absence
or presence of A32/17b /246D mAbs or plasma for blockade experiments. Samples were
acquired on a Fortessa cytometer (BD Biosciences, Mississauga, Ontario, Canada), and data
analysis was performed using Flow]Jo v10.5.3 (Tree Star, Ashland, OR, USA). The gating
strategy is depicted in Supplemental Figure S3B.

The percentage of ADCC was calculated with the following formula: [(% of CD4°Wp24*
cells in Targets plus Effectors) — (% of CD41°"p24* cells in Targets plus Effectors in presence
of plasma or mAbs) /(% of CD4°"p24+ cells in Targets) x 100] by gating on productively
infected live target cells.

2.10. Statistical Analysis

Statistics were analyzed using GraphPad Prism version 10 (GraphPad). Every data set
was tested for statistical normality and this information was used to apply the appropriate
(parametric or nonparametric) statistical test. p values < 0.05 were considered significant;
significance values are indicated as * p < 0.05, ** p < 0.01, *** p < 0.001, *** p < 0.0001.

3. Results
3.1. CD4mc Enables nnAbs to Recognize and Eliminate HIV-1-Infected Cells by ADCC

We first evaluated the capacity of plasma from nine PLWH (Table 1) or with a cocktail
of nnAbs (A32/17b/246D) to recognize infected cells in the absence or presence of the
indoline CD4mc CJF-111-288 [57] (Figure 1). CD4mc are organic small-molecule HIV-1 entry
inhibitors that engage the Phe43 cavity of the gp120 [62] and were shown to sensitize
HIV-1-infected cells to ADCC [16] by “opening” Env, resulting in the exposure of otherwise
occluded epitopes recognized by nnAbs [16,40]. The indoline CJF-III-288 CD4mc is among
the most potent CD4mc that have been reported and was recently characterized in great
detail [57].

Since we recently characterized the capacity of A32/17b/246D to recognize CHO58TF-
infected cells in combination with CD4mc CJF-II1-288 at 50 uM, we kept the same virus
and CD4mc concentration in the experiments outlined in this manuscript [43,63]. Briefly,
primary CD4 T cells were infected with CHO58TEF; 48 h later, cells were stained for Env
recognition by PLWH plasma or nnAbs or used to evaluate their susceptibility to ADCC.
As expected, we observed a significant increase in binding and in ADCC mediated by
plasma from PLWH (Figure 1A-C). While all plasma samples responded to the CD4mc, we
observed an heterogeneity in this response. This is likely due to the levels of anti-cluster
A, anti-CoRBS, and anti-gp41 cluster I antibodies in these plasma samples, as recently
reported [63]. The cocktail of three nnAbs did not recognize infected cells nor mediate
ADCC in the absence of the CD4mc (Figure 1D-F). As previously reported, an incomplete
downmodulation of NTB-A and CD48 (the ligands of NTB-A and 2B4, respectively) was
observed on the surface of HIV-1-infected primary CD4 T cells (Supplemental Figure
51). Importantly, CD4mc treatment did not alter cell surface levels of NTB-A and CD48
(Supplemental Figure S2).
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Figure 1. Binding and ADCC mediated by plasma from PLWH or a nnAbs cocktail. (A-F) HIV-
1cHossTr-infected primary CD4 T cells were stained or used as target cells for ADCC with (A—C) nine
PLWH plasma (dilution 1:1000) or (D-F) a total of 5 ug/mL of nnAbs antibodies in the presence of
CJF-III-288 (50 uM) depicted in blue or DMSO depicted in gray 48 h post-infection. Flow cytometry
was performed to detect plasma/antibody binding using an appropriated secondary antibody or to
assess p24. The graph represents the mean fluorescence intensities (MFIs) of Alexa-Fluor 647 and %
of ADCC obtained in at least two independent experiments, using four different cell donors. Error
bars indicate means =+ standard errors of the means (SEM). Statistical significance was tested using
paired t-test based on normality.

3.2. NTB-A and 2B4 Contribute to ADCC-Mediated Elimination of HIV-1-Infected Cells by
PLWH Plasma or by a Cocktail of nnAbs in Combination with CD4mc CJF-11I-288

To investigate the contribution of NK cell receptors NTB-A and 2B4 in the responses
observed in Figure 1, autologous PBMCs (used as effector cells; see Section 2.9 in Section 2)
were pre-incubated with blocking antibodies against NTB-A or 2B4. While blocking NTB-A
or 2B4 individually did not significantly affect ADCC, blocking both co-activating receptors
simultaneously significantly reduced ADCC mediated by PLWH plasma (Figure 2A,B)
or by the cocktail of nnAbs (Figure 2C,D). The requirement to simultaneously block both
co-activating receptors to decrease ADCC might be due to the fact that NTB-A and 2B4 use
the same signaling pathway to phosphorylate their immunoreceptor tyrosine-based switch
motif (ITSM) and to modulate NK cell activation. This mechanism has been proposed for
other NK cell activating receptors [44]. These results highlight the significant role of these
co-activating receptors in NK cell activation using this strategy.
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Figure 2. NTB-A and 2B4 modulate ADCC responses mediated by nnAbs or PLWH plasma against
HIV-1-infected cells in the presence of a CD4mc. HIV-1cposgrr-infected primary CD4 T cells were
used as target cells for ADCC with (A,B) HIV* plasma (dilution 1:1000) or (C,D) a total of 5 pg/mL
of nnAbs in the presence of CJF-1II-288 (50 uM) depicted in blue or DMSO depicted in gray 48 h
post-infection. Autologous effector cells were used as effector cells to perform ADCC killing assay.
PBMCs were pre-incubated or not with anti-NTB-A and/or anti-2B4 Abs or their matched IgG isotype.
The graphs represent the percentage of ADCC obtained in at least two independent experiments,
using four different cell donors. Error bars indicate means =+ standard errors of the means (SEM).
Statistical significance was tested using paired t-test based on normality (¥, p < 0.05; **, p < 0.01;
ns, nonsignificant).

4. Discussion

Engaging innate immunity to purge the viral reservoir remains a timely and active
area of research [2]; Fc-effector functions represent an attractive strategy to purge the viral
reservoir and control viral load [3,7,64,65]. We recently developed a cocktail of nnAbs and
CD4mc that efficiently eliminates HIV-1-infected primary CD4" T cells and macrophages
by ADCC [43]. Here, we evaluated if the ADCC response mediated by this cocktail or
by plasma from PLWH in the presence of the indoline CJF-II1-288 CD4mc (Figure 1) was
modulated by well-known NK cell co-activating receptors. We found that blocking both
co-activating receptors, NTB-A and 2B4, has a significantly effect on the elimination of
infected cells by ADCC (Figure 2). These results are consistent with previous observations
assessing the similar ability of both co-activating receptors to induce ADCC with the
3BNC117 bNAD [39].

Our results also suggest that despite Vpu's ability to downregulate NTB-A and CD48,
the ligands for the co-activating receptors, NTB-A and 2B4, respectively, their remain-
ing cell surface levels are sufficient to synergize with CD16. While engagement of cell
surface NTB-A and CD48 with their NK cell receptors, NTB-A and 2B4 respectively, is
not sufficient to trigger NK cells’ lytic activity, they do activate upon cross-linking of the
CD16 receptor [36,39]. As such, the presence of Env-specific antibodies making a “bridge”
between infected cells and NK cells by engaging CD16 tilts the balance toward NK cell
activation (Figure 3). Our in vitro data suggest that both NTB-A and 2B4 could positively
impact ADCC as a consequence of the incomplete downmodulation of their respective
ligands. Future studies to evaluate the impact of both receptors on HIV-1-infected cell
elimination in vivo are warranted.
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co-activating receptors are not sufficient to trigger NK cell degranulation (left panel). CD16 alone
can trigger the release of lytic granules (middle panel) but NK cells require the engagement of
co-activating receptors to sustain infected cell’s killing (right panel).

Altogether, our data suggest that the complex balance of NK cell activation could
be used to decrease the size of the viral reservoir by eliminating HIV-1-infected cells
using CD4mc and nnAbs. While this strategy gave promising results in hu-mice by
significantly decreasing the size of the reservoir in an NK-dependent manner [3], it re-
mains to be determined if it works in additional preclinical models such as SHIV-infected
non-human primates.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/v16071167/s1, Figure S1. NTB-A and CD48 surface expression related to
P24 expression; Figure S2. The impact of CD4mc on NTB-A and CD48 surface expression; Figure S3.
Gating strategy for staining and ADCC.

Author Contributions: L.M., J.R. and AE. conceived the study. L.M., ].R. and A.F. designed experi-
mental approaches. L.M., M.B., G.B.-B., K.D,, EB., AT, D.C.,CB., HM, JR. and AE performed,
analyzed, and interpreted the experiments. D.Y., T-J.C., H.-C.C. and A.B.S.IIL supplied novel/unique
reagents. L.M., ].R. and AF. wrote the manuscript. All authors have read, edited, and approved the
final manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by grants from the National Institutes of Health to A.F. (R01
AT148379, R01 AI129769, and R01 AI150322). Support for this work was also provided by the NIAID-
funded ERASE HIV consortium (UM1 AI-164562) to A.B.S.III. and A.F.,, by a CIHR Team Grant
#422148, and a Canada Foundation for Innovation grant #41027 to A.F. A.F. was supported by a
Canada Research Chair on Retroviral Entry #RCHS0235 950-232424. G.B.-B. is the recipient of CIHR
and FRQS doctoral fellowships. M.B. is the recipient of a CIHR doctoral fellowship. K.D. and E.B. are
recipients of CIHR master fellowships. A.T. is the recipient of MITACs post-doctoral fellowship. The
funders had no role in study design, data collection and analysis, decision to publish, or preparation
of the manuscript.

Institutional Review Board Statement: This study was approved by the CRCHUM Institutional
Review Board (ethic committee, approval number MP-02-2024-11734.

Informed Consent Statement: Informed consent was obtained from all subject involved in the study.
Data Availability Statement: All data are contained within the article.

Acknowledgments: The authors thank the CRCHUM BSL3 and Flow Cytometry Platforms for
technical assistance and Mario Legault from the FRQS AIDS and Infectious Diseases network for


https://www.mdpi.com/article/10.3390/v16071167/s1
https://www.mdpi.com/article/10.3390/v16071167/s1

Viruses 2024, 16, 1167 90f12

cohort coordination and clinical samples. We thank James Robinson for A32 and 17b. Figure 3 was
prepared using https://www.biorender.com (accessed on July 18 2024).

Conflicts of Interest: The authors declare no competing interests.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Forthal, D.N.; Finzi, A. Antibody-dependent cellular cytotoxicity in HIV infection. AIDS 2018, 32, 2439-2451. [CrossRef] [PubMed]
Board, N.L.; Moskovljevic, M.; Wu, E; Siliciano, R.E; Siliciano, ].D. Engaging innate immunity in HIV-1 cure strategies. Nat. Rev.
Immunol. 2022, 22, 499-512. [CrossRef] [PubMed]

Rajashekar, J.K.; Richard, J.; Beloor, J.; Prevost, J.; Anand, S.P.; Beaudoin-Bussieres, G.; Shan, L.; Herndler-Brandstetter, D.;
Gendron-Lepage, G.; Medjahed, H.; et al. Modulating HIV-1 envelope glycoprotein conformation to decrease the HIV-1 reservoir.
Cell Host Microbe 2021, 29, 904-916.e6. [CrossRef] [PubMed]

Jegaskanda, S.; Weinfurter, ].T.; Friedrich, T.C.; Kent, S.J. Antibody-dependent cellular cytotoxicity is associated with control of
pandemic HIN1 influenza virus infection of macaques. J. Virol. 2013, 87, 5512-5522. [CrossRef] [PubMed]

Forthal, D.N.; Landucci, G.; Daar, E.S. Antibody from patients with acute human immunodeficiency virus (HIV) infection inhibits
primary strains of HIV type 1 in the presence of natural-killer effector cells. J. Virol. 2001, 75, 6953-6961. [CrossRef] [PubMed]
Borducchi, E.N,; Liu, J.; Nkolola, ].P.; Cadena, A.M.; Yu, W.H.; Fischinger, S.; Broge, T.; Abbink, P.; Mercado, N.B.; Chandrashekar,
A.; et al. Publisher Correction: Antibody and TLR7 agonist delay viral rebound in SHIV-infected monkeys. Nature 2018, 564, E8.
[CrossRef] [PubMed]

Halper-Stromberg, A.; Lu, C.L.; Klein, F; Horwitz, J.A.; Bournazos, S.; Nogueira, L.; Eisenreich, T.R.; Liu, C.; Gazumyan, A;
Schaefer, U.; et al. Broadly neutralizing antibodies and viral inducers decrease rebound from HIV-1 latent reservoirs in humanized
mice. Cell 2014, 158, 989-999. [CrossRef]

Moldt, B.; Schultz, N.; Dunlop, D.C.; Alpert, M.D.; Harvey, ].D.; Evans, D.T.; Poignard, P.; Hessell, A.]J.; Burton, D.R. A panel of
IgG1 b12 variants with selectively diminished or enhanced affinity for Fcy receptors to define the role of effector functions in
protection against HIV. J. Virol. 2011, 85, 10572-10581. [CrossRef] [PubMed]

Bruel, T.; Guivel-Benhassine, F.; Amraoui, S.; Malbec, M.; Richard, L.; Bourdic, K.; Donahue, D.A.; Lorin, V.; Casartelli, N.; Noel,
N.; et al. Elimination of HIV-1-infected cells by broadly neutralizing antibodies. Nat. Commun. 2016, 7, 10844. [CrossRef]
Galon, J.; Robertson, M.W.; Galinha, A.; Mazieres, N.; Spagnoli, R.; Fridman, W.H.; Sautes, C. Affinity of the interaction between
Fc vy receptor type III (Fc yRIII) and monomeric human IgG subclasses. Role of Fc yRIII glycosylation. Eur. J. Immunol. 1997, 27,
1928-1932. [CrossRef]

Lanier, L.L.; Ruitenberg, J.J.; Phillips, ].H. Functional and biochemical analysis of CD16 antigen on natural killer cells and
granulocytes. |. Immunol. 1988, 141, 3478-3485. [CrossRef] [PubMed]

Beaudoin-Bussieres, G.; Prevost, J.; Gendron-Lepage, G.; Melillo, B.; Chen, J.; Smith Iii, A.B.; Pazgier, M.; Finzi, A. Elicitation of
Cluster A and Co-Receptor Binding Site Antibodies are Required to Eliminate HIV-1 Infected Cells. Microorganisms 2020, 8, 710.
[CrossRef] [PubMed]

Decker, ].M.; Bibollet-Ruche, F.; Wei, X.; Wang, S.; Levy, D.N.; Wang, W.; Delaporte, E.; Peeters, M.; Derdeyn, C.A.; Allen, S.; et al.
Antigenic conservation and immunogenicity of the HIV coreceptor binding site. . Exp. Med. 2005, 201, 1407-1419. [CrossRef]
[PubMed]

Veillette, M.; Coutu, M.; Richard, ].; Batraville, L.A.; Dagher, O.; Bernard, N.; Tremblay, C.; Kaufmann, D.E.; Roger, M.; Finzi, A.
The HIV-1 gp120 CD4-bound conformation is preferentially targeted by antibody-dependent cellular cytotoxicity-mediating
antibodies in sera from HIV-1-infected individuals. . Virol. 2015, 89, 545-551. [CrossRef] [PubMed]

Veillette, M.; Desormeaux, A.; Medjahed, H.; Gharsallah, N.E.; Coutu, M.; Baalwa, J.; Guan, Y.; Lewis, G.; Ferrari, G.; Hahn, B.H,;
et al. Interaction with cellular CD4 exposes HIV-1 envelope epitopes targeted by antibody-dependent cell-mediated cytotoxicity.
J. Virol. 2014, 88, 2633-2644. [CrossRef] [PubMed]

Richard, J.; Veillette, M.; Brassard, N.; Iyer, S.S.; Roger, M.; Martin, L.; Pazgier, M.; Schon, A.; Freire, E.; Routy, ].P,; et al. CD4
mimetics sensitize HIV-1-infected cells to ADCC. Proc. Natl. Acad. Sci. USA 2015, 112, E2687-E2694. [CrossRef] [PubMed]
Willey, R.L.; Maldarelli, F.; Martin, M.A_; Strebel, K. Human immunodeficiency virus type 1 Vpu protein induces rapid degradation
of CDA4. J. Virol. 1992, 66, 7193-7200. [CrossRef] [PubMed]

Magadan, J.G.; Perez-Victoria, FJ.; Sougrat, R.; Ye, Y.; Strebel, K.; Bonifacino, J.5. Multilayered mechanism of CD4 downregulation
by HIV-1 Vpu involving distinct ER retention and ERAD targeting steps. PLoS Pathog. 2010, 6, e1000869. [CrossRef] [PubMed]
Magadan, J.G.; Bonifacino, ].S. Transmembrane domain determinants of CD4 Downregulation by HIV-1 Vpu. J. Virol. 2012, 86,
757-772. [CrossRef]

Mariani, R.; Skowronski, J. CD4 down-regulation by nef alleles isolated from human immunodeficiency virus type 1-infected
individuals. Proc. Natl. Acad. Sci. USA 1993, 90, 5549-5553. [CrossRef]

Prevost, J.; Richard, J.; Medjahed, H.; Alexander, A.; Jones, J.; Kappes, ].C.; Ochsenbauer, C.; Finzi, A. Incomplete Downregulation
of CD4 Expression Affects HIV-1 Env Conformation and Antibody-Dependent Cellular Cytotoxicity Responses. J. Virol. 2018,
92, e00484-18. [CrossRef]

Prevost, J.; Richard, J.; Ding, S.; Pacheco, B.; Charlebois, R.; Hahn, B.H.; Kaufmann, D.E.; Finzi, A. Envelope glycoproteins
sampling states 2/3 are susceptible to ADCC by sera from HIV-1-infected individuals. Virology 2018, 515, 38—45. [CrossRef]


https://www.biorender.com
https://doi.org/10.1097/QAD.0000000000002011
https://www.ncbi.nlm.nih.gov/pubmed/30234611
https://doi.org/10.1038/s41577-021-00649-1
https://www.ncbi.nlm.nih.gov/pubmed/34824401
https://doi.org/10.1016/j.chom.2021.04.014
https://www.ncbi.nlm.nih.gov/pubmed/34019804
https://doi.org/10.1128/JVI.03030-12
https://www.ncbi.nlm.nih.gov/pubmed/23468501
https://doi.org/10.1128/JVI.75.15.6953-6961.2001
https://www.ncbi.nlm.nih.gov/pubmed/11435575
https://doi.org/10.1038/s41586-018-0721-y
https://www.ncbi.nlm.nih.gov/pubmed/30397346
https://doi.org/10.1016/j.cell.2014.07.043
https://doi.org/10.1128/JVI.05541-11
https://www.ncbi.nlm.nih.gov/pubmed/21849450
https://doi.org/10.1038/ncomms10844
https://doi.org/10.1002/eji.1830270816
https://doi.org/10.4049/jimmunol.141.10.3478
https://www.ncbi.nlm.nih.gov/pubmed/2903193
https://doi.org/10.3390/microorganisms8050710
https://www.ncbi.nlm.nih.gov/pubmed/32403312
https://doi.org/10.1084/jem.20042510
https://www.ncbi.nlm.nih.gov/pubmed/15867093
https://doi.org/10.1128/JVI.02868-14
https://www.ncbi.nlm.nih.gov/pubmed/25339767
https://doi.org/10.1128/JVI.03230-13
https://www.ncbi.nlm.nih.gov/pubmed/24352444
https://doi.org/10.1073/pnas.1506755112
https://www.ncbi.nlm.nih.gov/pubmed/25941367
https://doi.org/10.1128/jvi.66.12.7193-7200.1992
https://www.ncbi.nlm.nih.gov/pubmed/1433512
https://doi.org/10.1371/journal.ppat.1000869
https://www.ncbi.nlm.nih.gov/pubmed/20442859
https://doi.org/10.1128/JVI.05933-11
https://doi.org/10.1073/pnas.90.12.5549
https://doi.org/10.1128/JVI.00484-18
https://doi.org/10.1016/j.virol.2017.12.002

Viruses 2024, 16, 1167 10 of 12

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Prevost, J.; Anand, S.P; Rajashekar, ].K.; Zhu, L.; Richard, J.; Goyette, G.; Medjahed, H.; Gendron-Lepage, G.; Chen, H.C.; Chen,
Y.; et al. HIV-1 Vpu restricts Fc-mediated effector functions in vivo. Cell Rep. 2022, 41, 111624. [CrossRef]

Alsahafi, N.; Bakouche, N.; Kazemi, M.; Richard, J.; Ding, S.; Bhattacharyya, S.; Das, D.; Anand, S.P,; Prevost, J.; Tolbert, W.D.;
et al. An Asymmetric Opening of HIV-1 Envelope Mediates Antibody-Dependent Cellular Cytotoxicity. Cell Host Microbe 2019,
25,578-587.e5. [CrossRef]

Alsahafi, N.; Ding, S.; Richard, J.; Markle, T.; Brassard, N.; Walker, B.; Lewis, G.K.; Kaufmann, D.E.; Brockman, M.A.; Finzi, A. Nef
Proteins from HIV-1 Elite Controllers Are Inefficient at Preventing Antibody-Dependent Cellular Cytotoxicity. J. Virol. 2015, 90,
2993-3002. [CrossRef] [PubMed]

Richard, J.; Sannier, G.; Zhu, L.; Prevost, J.; Marchitto, L.; Benlarbi, M.; Beaudoin-Bussieres, G.; Hongil, K.; Sun, Y.; Chatterjee, D.A;
et al. CD4 downregulation precedes Env expression and protects HIV-1-infected cells from ADCC mediated by non-neutralizing
antibodies. bioRxiv 2024. [CrossRef]

Munro, J.B.; Gorman, J.; Ma, X.; Zhou, Z.; Arthos, J.; Burton, D.R.; Koff, W.C.; Courter, ].R.; Smith, A.B., IIl; Kwong, P.D.; et al.
Conformational dynamics of single HIV-1 envelope trimers on the surface of native virions. Science 2014, 346, 759-763. [CrossRef]
Bruel, T.; Guivel-Benhassine, F; Lorin, V.; Lortat-Jacob, H.; Baleux, F.; Bourdic, K.; Noel, N.; Lambotte, O.; Mouquet, H.; Schwartz,
O. Lack of ADCC Breadth of Human Nonneutralizing Anti-HIV-1 Antibodies. J. Virol. 2017, 91, e02440-16. [CrossRef]

von Bredow, B.; Arias, ].F.; Heyer, L.N.; Moldt, B.; Le, K.; Robinson, J.E.; Zolla-Pazner, S.; Burton, D.R.; Evans, D.T. Comparison of
Antibody-Dependent Cell-Mediated Cytotoxicity and Virus Neutralization by HIV-1 Env-Specific Monoclonal Antibodies. J. Virol.
2016, 90, 6127-6139. [CrossRef] [PubMed]

Neil, S.J.; Zang, T.; Bieniasz, P.D. Tetherin inhibits retrovirus release and is antagonized by HIV-1 Vpu. Nature 2008, 451, 425-430.
[CrossRef] [PubMed]

Arias, ].F; Heyer, L.N.; von Bredow, B.; Weisgrau, K.L.; Moldt, B.; Burton, D.R.; Rakasz, E.G.; Evans, D.T. Tetherin antagonism
by Vpu protects HIV-infected cells from antibody-dependent cell-mediated cytotoxicity. Proc. Natl. Acad. Sci. USA 2014, 111,
6425-6430. [CrossRef]

Alvarez, R.A.; Hamlin, R.E.; Monroe, A.; Moldt, B.; Hotta, M.T.; Rodriguez Caprio, G.; Fierer, D.S.; Simon, V.; Chen, B.K. HIV-1
Vpu antagonism of tetherin inhibits antibody-dependent cellular cytotoxic responses by natural killer cells. J. Virol. 2014, 88,
6031-6046. [CrossRef]

Van Damme, N.; Goff, D.; Katsura, C.; Jorgenson, R.L.; Mitchell, R.; Johnson, M.C.; Stephens, E.B.; Guatelli, J. The interferon-
induced protein BST-2 restricts HIV-1 release and is downregulated from the cell surface by the viral Vpu protein. Cell Host
Microbe 2008, 3, 245-252. [CrossRef]

Cerboni, C.; Neri, F,; Casartelli, N.; Zingoni, A.; Cosman, D.; Rossi, P.; Santoni, A.; Doria, M. Human immunodeficiency virus 1
Nef protein downmodulates the ligands of the activating receptor NKG2D and inhibits natural killer cell-mediated cytotoxicity.
J. Gen. Virol. 2007, 88, 242-250. [CrossRef]

Matusali, G.; Potesta, M.; Santoni, A.; Cerboni, C.; Doria, M. The human immunodeficiency virus type 1 Nef and Vpu proteins
downregulate the natural killer cell-activating ligand PVR. J. Virol. 2012, 86, 4496—4504. [CrossRef]

Prevost, J.; Pickering, S.; Mumby, M.].; Medjahed, H.; Gendron-Lepage, G.; Delgado, G.G.; Dirk, B.S.; Dikeakos, ].D.; Sturzel,
C.M.; Sauter, D.; et al. Upregulation of BST-2 by Type I Interferons Reduces the Capacity of Vpu To Protect HIV-1-Infected Cells
from NK Cell Responses. mBio 2019, 10, e01113-e01119. [CrossRef]

Shah, A .H.; Sowrirajan, B.; Davis, Z.B.; Ward, ].P.; Campbell, E.M.; Planelles, V.; Barker, E. Degranulation of natural killer cells
following interaction with HIV-1-infected cells is hindered by downmodulation of NTB-A by Vpu. Cell Host Microbe 2010, 8,
397-409. [CrossRef]

Ward, J.; Bonaparte, M.; Sacks, J.; Guterman, ].; Fogli, M.; Mavilio, D.; Barker, E. HIV modulates the expression of ligands
important in triggering natural killer cell cytotoxic responses on infected primary T-cell blasts. Blood 2007, 110, 1207-1214.
[CrossRef]

Marchitto, L.; Benlarbi, M.; Prevost, J.; Laumaea, A.; Descoteaux-Dinelle, ].; Medjahed, H.; Bourassa, C.; Gendron-Lepage, G.;
Kirchhoff, F; Sauter, D.; et al. Impact of HIV-1 Vpu-mediated downregulation of CD48 on NK-cell-mediated antibody-dependent
cellular cytotoxicity. mBio 2023, 14, e0078923. [CrossRef]

Richard, J.; Pacheco, B.; Gohain, N.; Veillette, M.; Ding, S.; Alsahafi, N.; Tolbert, W.D.; Prevost, J.; Chapleau, J.P.; Coutu, M,;
et al. Co-receptor Binding Site Antibodies Enable CD4-Mimetics to Expose Conserved Anti-cluster A ADCC Epitopes on HIV-1
Envelope Glycoproteins. EBioMedicine 2016, 12, 208-218. [CrossRef]

Richard, J.; Prevost, ].; von Bredow, B.; Ding, S.; Brassard, N.; Medjahed, H.; Coutu, M.; Melillo, B.; Bibollet-Ruche, F.; Hahn, B.H.;
et al. BST-2 Expression Modulates Small CD4-Mimetic Sensitization of HIV-1-Infected Cells to Antibody-Dependent Cellular
Cytotoxicity. J. Virol. 2017, 91, €00219-17. [CrossRef]

Anand, S.P; Prevost, J.; Baril, S.; Richard, J.; Medjahed, H.; Chapleau, J.P; Tolbert, W.D.; Kirk, S.; Smith, A.B., IIl; Wines, B.D.; et al.
Two Families of Env Antibodies Efficiently Engage Fc-y Receptors and Eliminate HIV-1-Infected Cells. J. Virol. 2019, 93, e01823-1.
[CrossRef]


https://doi.org/10.1016/j.celrep.2022.111624
https://doi.org/10.1016/j.chom.2019.03.002
https://doi.org/10.1128/JVI.02973-15
https://www.ncbi.nlm.nih.gov/pubmed/26719277
https://doi.org/10.1101/2024.05.01.592003
https://doi.org/10.1126/science.1254426
https://doi.org/10.1128/JVI.02440-16
https://doi.org/10.1128/JVI.00347-16
https://www.ncbi.nlm.nih.gov/pubmed/27122574
https://doi.org/10.1038/nature06553
https://www.ncbi.nlm.nih.gov/pubmed/18200009
https://doi.org/10.1073/pnas.1321507111
https://doi.org/10.1128/JVI.00449-14
https://doi.org/10.1016/j.chom.2008.03.001
https://doi.org/10.1099/vir.0.82125-0
https://doi.org/10.1128/JVI.05788-11
https://doi.org/10.1128/mBio.01113-19
https://doi.org/10.1016/j.chom.2010.10.008
https://doi.org/10.1182/blood-2006-06-028175
https://doi.org/10.1128/mbio.00789-23
https://doi.org/10.1016/j.ebiom.2016.09.004
https://doi.org/10.1128/JVI.00219-17
https://doi.org/10.1128/JVI.01823-18

Viruses 2024, 16, 1167 11 0f 12

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Marchitto, L.; Richard, J.; Prevost, J.; Tauzin, A.; Yang, D.; Chiu, T.-J.; Chen, H.-C.; Diaz-Salinas, M.A.; Nayrac, M.; Benlarbi,
M.; et al. The combination of three CD4-induced antibodies targeting highly conserved Env regions with a small CD4-mimetic
achieves potent ADCC activity. bioRxiv 2024. [CrossRef]

Bryceson, Y.T.; March, M.E.; Ljunggren, H.G.; Long, E.O. Synergy among receptors on resting NK cells for the activation of
natural cytotoxicity and cytokine secretion. Blood 2006, 107, 159-166. [CrossRef]

Bryceson, Y.T.; March, M.E,; Ljunggren, H.G.; Long, E.O. Activation, coactivation, and costimulation of resting human natural
killer cells. Immunol. Rev. 2006, 214, 73-91. [CrossRef]

Alsahafi, N.; Richard, J.; Prevost, J.; Coutu, M.; Brassard, N.; Parsons, M.S.; Kaufmann, D.E.; Brockman, M.; Finzi, A. Impaired
Downregulation of NKG2D Ligands by Nef Proteins from Elite Controllers Sensitizes HIV-1-Infected Cells to Antibody-Dependent
Cellular Cytotoxicity. J. Virol. 2017, 91, €00109—-e00117. [CrossRef]

Parsons, M.S.; Richard, J.; Lee, W.S.; Vanderven, H.; Grant, M.D.; Finzi, A.; Kent, S.J. NKG2D Acts as a Co-Receptor for Natural
Killer Cell-Mediated Anti-HIV-1 Antibody-Dependent Cellular Cytotoxicity. AIDS Res. Hum. Retroviruses 2016, 32, 1089-1096.
[CrossRef]

Biassoni, R. Human natural killer receptors, co-receptors, and their ligands. Curr. Protoc. Immunol. 2009, 14, 14.10.1-14.10.40.
[CrossRef]

Flaig, R.M.; Stark, S.; Watzl, C. Cutting edge: NTB-A activates NK cells via homophilic interaction. J. Immunol. 2004, 172,
6524-6527. [CrossRef]

Staunton, D.E.; Fisher, R.C.; LeBeau, M.M.; Lawrence, J.B.; Barton, D.E.; Francke, U.; Dustin, M.; Thorley-Lawson, D.A. Blast-1
possesses a glycosyl-phosphatidylinositol (GPI) membrane anchor, is related to LFA-3 and OX-45, and maps to chromosome
1q21-23. J. Exp. Med. 1989, 169, 1087-1099. [CrossRef]

Yokoyama, S.; Staunton, D.; Fisher, R.; Amiot, M.; Fortin, ].J.; Thorley-Lawson, D.A. Expression of the Blast-1 activation/adhesion
molecule and its identification as CD48. J. Immunol. 1991, 146, 2192-2200. [CrossRef] [PubMed]

Fogli, M.; Mavilio, D.; Brunetta, E.; Varchetta, S.; Ata, K.; Roby, G.; Kovacs, C.; Follmann, D.; Pende, D.; Ward, J.; et al. Lysis of
endogenously infected CD4* T cell blasts by rIL-2 activated autologous natural killer cells from HIV-infected viremic individuals.
PLoS Pathog. 2008, 4, €1000101. [CrossRef]

Mavilio, D.; Benjamin, J.; Daucher, M.; Lombardo, G.; Kottilil, S.; Planta, M.A.; Marcenaro, E.; Bottino, C.; Moretta, L.; Moretta,
A.; et al. Natural killer cells in HIV-1 infection: Dichotomous effects of viremia on inhibitory and activating receptors and their
functional correlates. Proc. Natl. Acad. Sci. USA 2003, 100, 15011-15016. [CrossRef]

Nolting, A.; Dugast, A.S.; Rihn, S.; Luteijn, R.; Carrington, M.E; Kane, K,; Jost, S.; Toth, I.; Nagami, E.; Faetkenheuer, G.; et al.
MHC class I chain-related protein A shedding in chronic HIV-1 infection is associated with profound NK cell dysfunction.
Virology 2010, 406, 12-20. [CrossRef]

Zhang, Z.; Zhou, Y.; Lu, J.; Chen, Y.F; Hu, H.Y.; Xu, X.Q.; Fu, G.E. Changes in NK Cell Subsets and Receptor Expressions in HIV-1
Infected Chronic Patients and HIV Controllers. Front. Immunol. 2021, 12, 792775. [CrossRef]

Xu, J.Y.; Gorny, M.K,; Palker, T.; Karwowska, S.; Zolla-Pazner, S. Epitope mapping of two immunodominant domains of gp41, the
transmembrane protein of human immunodeficiency virus type 1, using ten human monoclonal antibodies. J. Virol. 1991, 65,
4832-4838. [CrossRef]

Fritschi, C.J.; Anang, S.; Gong, Z.; Mohammadi, M.; Richard, J.; Bourassa, C.; Severino, K.T.; Richter, H.; Yang, D.; Chen, H.C,;
et al. Indoline CD4-mimetic compounds mediate potent and broad HIV-1 inhibition and sensitization to antibody-dependent
cellular cytotoxicity. Proc. Natl. Acad. Sci. USA 2023, 120, €2222073120. [CrossRef]

Emi, N.; Friedmann, T.; Yee, ] K. Pseudotype formation of murine leukemia virus with the G protein of vesicular stomatitis virus.
J. Virol. 1991, 65, 1202-1207. [CrossRef]

Salazar-Gonzalez, ].F,; Salazar, M.G.; Keele, B.F.; Learn, G.H.; Giorgi, E.E.; Li, H.; Decker, ] M.; Wang, S.; Baalwa, J.; Kraus, M.H;
et al. Genetic identity, biological phenotype, and evolutionary pathways of transmitted /founder viruses in acute and early HIV-1
infection. J. Exp. Med. 2009, 206, 1273-1289. [CrossRef]

Ochsenbauer, C.; Edmonds, T.G.; Ding, H.; Keele, B.F.; Decker, J.; Salazar, M.G.; Salazar-Gonzalez, ].E.; Shattock, R.; Haynes,
B.F.; Shaw, G.M.; et al. 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. 2012, 86, 2715-2728. [CrossRef]
Richard, J.; Prevost, J.; Baxter, A.E.; von Bredow, B.; Ding, S.; Medjahed, H.; Delgado, G.G.; Brassard, N.; Sturzel, C.M.; Kirchhoff,
F; et al. Uninfected Bystander Cells Impact the Measurement of HIV-Specific Antibody-Dependent Cellular Cytotoxicity
Responses. mBio 2018, 9, e00358-18. [CrossRef]

Laumaea, A.; Smith, A.B., II; Sodroski, J.; Finzi, A. Opening the HIV envelope: Potential of CD4 mimics as multifunctional HIV
entry inhibitors. Curr. Opin. HIV AIDS 2020, 15, 300-308. [CrossRef]

Tauzin, A.; Marchitto, L.; Belanger, E.; Benlarbi, M.; Beaudoin-Bussieres, G.; Prevost, J.; Yang, D.; Chiu, T.-].; Chen, H.-C.; Bourassa,
C.; et al. Three families of CD4-induced antibodies are associated with the capacity of plasma from people living with HIV to
mediate ADCC in presence of CD4-mimetics. medRxiv 2024. [CrossRef]


https://doi.org/10.1101/2024.06.07.597978
https://doi.org/10.1182/blood-2005-04-1351
https://doi.org/10.1111/j.1600-065X.2006.00457.x
https://doi.org/10.1128/JVI.00109-17
https://doi.org/10.1089/aid.2016.0099
https://doi.org/10.1002/0471142735.im1410s84
https://doi.org/10.4049/jimmunol.172.11.6524
https://doi.org/10.1084/jem.169.3.1087
https://doi.org/10.4049/jimmunol.146.7.2192
https://www.ncbi.nlm.nih.gov/pubmed/1848579
https://doi.org/10.1371/journal.ppat.1000101
https://doi.org/10.1073/pnas.2336091100
https://doi.org/10.1016/j.virol.2010.05.014
https://doi.org/10.3389/fimmu.2021.792775
https://doi.org/10.1128/jvi.65.9.4832-4838.1991
https://doi.org/10.1073/pnas.2222073120
https://doi.org/10.1128/jvi.65.3.1202-1207.1991
https://doi.org/10.1084/jem.20090378
https://doi.org/10.1128/JVI.06157-11
https://doi.org/10.1128/mBio.00358-18
https://doi.org/10.1097/COH.0000000000000637
https://doi.org/10.1101/2024.06.02.24308281

Viruses 2024, 16, 1167 12 of 12

64. Lu, C.L.; Murakowski, D.K.; Bournazos, S.; Schoofs, T.; Sarkar, D.; Halper-Stromberg, A.; Horwitz, J.A.; Nogueira, L.; Goljjanin, J.;
Gazumyan, A.; et al. Enhanced clearance of HIV-1-infected cells by broadly neutralizing antibodies against HIV-1 in vivo. Science
2016, 352, 1001-1004. [CrossRef]

65. Gaebler, C.; Nogueira, L.; Stoffel, E.; Oliveira, T.Y.; Breton, G.; Millard, K.G.; Turroja, M.; Butler, A.; Ramos, V.; Seaman, M.S,; et al.
Prolonged viral suppression with anti-HIV-1 antibody therapy. Nature 2022, 606, 368-374. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1126/science.aaf1279
https://doi.org/10.1038/s41586-022-04597-1

	Introduction 
	Materials and Methods 
	Ethics Statement 
	Cell Lines and Primary Cells 
	Plasmids, Antibodies, and Plasma 
	Antibody Expression and Purification 
	Small Molecules 
	Proviral Constructs 
	Viral Production and Infection 
	Flow Cytometry Analysis of Cell Surface and Intracellular Staining 
	FACS-Based ADCC Assay 
	Statistical Analysis 

	Results 
	CD4mc Enables nnAbs to Recognize and Eliminate HIV-1-Infected Cells by ADCC 
	NTB-A and 2B4 Contribute to ADCC-Mediated Elimination of HIV-1-Infected Cells by PLWH Plasma or by a Cocktail of nnAbs in Combination with CD4mc CJF-III-288 

	Discussion 
	References

