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Human Immunodeficiency Virus type-1 (HIV-1) establishes a latent viral reservoir soon after infection, which poses
a major challenge for drug treatment and curative strategies. Many efforts are therefore focused on blocking
infection. To this end, both viral and host factors relevant to the onset of infection need to be considered. Given that
HIV-1 is most often transmitted mucosally, strategies designed to protect against infection need to be effective at
mucosal portals of entry. These strategies need to contend also with cell-free and cell-associated

transmitted/founder (T/F) virus forms; both can initiate and establish infection.

mucosal transmission transmitted/founder virus viral entry neutralizing antibody

entry inhibitor

| 1. Introduction

Although the physiopathology of HIV-1 is now well known, a cure or a vaccine remains elusive. While combination
antiretroviral therapy (ART) allows effective management of HIV infection, it does not cure infected individuals due
to viral persistence in latent reservoirs . Pre-exposure prophylaxis, the practice whereby uninfected persons take
antiretroviral medication prior to possible exposure to HIV, is highly efficacious but faces challenges as a long-term
solution [@. There have been a few cases of HIV-1 remission following allogeneic stem-cell transplantation with
HIV-resistant donor cells B! but the risks, complexity, and costs of these procedures make them non-viable options
for curing HIV infection worldwide. It is therefore widely held that the key to preventing HIV infection globally is by

stopping viral entry, which would then prevent viral dissemination and latent infection within the host.

As most HIV-1 infections occur upon mucosal transmission ¥, understanding the social-behavioral and mucosal
context (immunological, hormonal, microbial, and physiologic) favoring or limiting transmission is critical for the
development of effective intervention strategies. The first lever of action to reduce HIV-1 mucosal transmission is
based on social-behavioral variables that increase the risk, especially in women, of HIV exposure and acquisition.
These include early age at sexual debut (defined as having first sexual intercourse at or before age 14) &, age-
disparate sexual coupling &, multiple concurrent sexual partners [, female disempowerment & failure to
negotiate safe sexual practices leading to low or no use of condoms [, and gender-based violation L9 H|V risk
can also be augmented by intravaginal practices, such as cleansing or the insertion of products for hygienic or

sexual reasons [121[13]
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Although HIV transmission rate varies at different mucosal surfaces, the risk of transmission following unprotected
sexual contact is higher during anal (0.3-5%) than vaginal intercourse (0.03—-0.5%) 424l The lowest probability of
sexual transmission is at the male genital tract (0.04-0.14%), followed by the oral mucosa, which can vary from
0.01% during oral sex to 5-20% during breastfeeding 4[24I15] The efficiency of HIV transmission is influenced also
by the distinct anatomy and physiology of these mucosal tissues. Stratification and keratinization of the epithelium,

as well as the population of intra-epithelial immune cells, are key factors defining the robustness of these mucosal
barriers [LEII17I[18]

HIV-1 transmission can occur via cell-free virus particles or cell-associated virus 24l Cell-free transmission occurs
when free-floating virions, for example, in plasma or mucosal fluids, infect a new target cell. In contrast, cell-
associated virus is transmitted from one cell to another via close cell-to-cell contact. As reviewed elsewhere 13,
there is increasingly strong evidence for a key role of the cell-to-cell mode of transmission on HIV pathogenesis
and the generation and maintenance of the latent virus reservoir. Cell-to-cell transmission limits accessibility of
virus particles by entry inhibitors, such as innate antiviral factors and neutralizing antibodies (nAbs), potentially
contributing to immune evasion 28, HIV-1 transmission by cell-to-cell contact concentrates the release of virus
particles at the contact site, making this mode of transmission generally more efficient than free virions. The current
model of cell-to-cell transmission resembles the immunological synapse and is also known as the infectious
synapse or the virological synapse [13l. The formation of these synapses facilitates infection, as it activates cell
signaling cascades and promotes cell stimulation 227, Virus infection via the infectious synapse occurs when a
cell (e.g., antigen-presenting cell, epithelial cell, and fibroblast) transiently captures HIV without being infected and
transmits the particles to CD4+ T cells. Alternative modes of transmission have also been proposed, such as

phagocytosis, syncytium formation, and tunneling nanotubes 22!,

In the majority of cases following mucosal transmission, only a single viral variant, the T/F virus, initiates infection
(18] The T/F virus is at the origin of a rapid and wide evolution of the infected individual’s viral population. The
factors that impact selection of the T/F virus from the myriad of transmitted variants and the subsequent evolution
of HIV upon infection are not yet fully understood. It is clear however that selection can also be less stringent,
resulting in multivariant transmission and more than one variant initiating infection. Multivariant transmission has
been reported in 20% of heterosexual transmissions and 30—40% in men who have sex with men should not be
ignored 29129 Nevertheless, it has become increasingly clear that understanding features that typify the T/F virus
and the molecular details of the interactions mediating viral cell entry could help to inform intervention strategies

targeting the onset of the infection 211,

In-depth antigenic and molecular characterization of the HIV envelope glycoprotein spike (Env) has spurred the
development of novel vaccine immunogens and cell entry inhibitors. Current recombinant forms of HIV Env, such
as the so-called SOSIPs [22, NFL-TDs [28], and UFOs [24 |argely mirror antigenicity of native Env and approximate
the pre-fusion conformation. Recently, cryo-electron microscopy resolution of native Env trimer, full-length, wild-
type HIV-1 Env on HIV-1 virion, as well as C-terminally truncated and stabilized versions, have revealed the
(near-)native structure of the Env [23128] Resolution of the Env-gp120 during the different stages of interaction with
the CD4 receptor and the coreceptors, C-C chemokine receptor type 5 (CCR5)/C-X-C chemokine receptor type 4
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(CXCR4), also allows modeling, at the molecular level, of the first step of HIV-1 cell entry, and improves

development of inhibitor strategies 27,

The course of HIV infection can be divided in four phases: the eclipse phase, the acute infection phase, the chronic
infection phase, and acquired immunodeficiency syndrome (AIDS). While systemic infection is currently irreversible
after the onset of the acute infection, the most promising window of opportunity for viral clearance is in the earliest
step of the infection during the eclipse phase. It is at this step, normally lasting about one week 28, that mucosal

transmission, viral entry into primary target cells, and T/F selection can be blocked to prevent irreversible infection.

| 2. Viral and Host Factors Modulating HIV-1 Entry

The identification of viral and host factors that play a role in HIV mucosal transmission and cell entry is fundamental

for the development of strategies to inhibit infection.

2.1. Viral Factors Modulating HIV-1 Mucosal Transmission and Infection

Although HIV-infected individuals harbor a pool of HIV quasispecies, infection is typically initiated by only one
variant, termed the T/F virus, following mucosal transmission. The selection of the T/F virus is a multifactorial
process resulting from positive and negative selection pressure in the mucosa 829 Below we discuss the
phenotypic and antigenic characteristics of T/F viruses and how these attributes might be exploited to block

infection onset B4,

2.1.1. Phenotypes of Transmitted Founder Viruses

Among the features resulting from T/F virus selection is increased binding to target cells, as Env trimers on these
viruses tend to display enhanced CD4-binding site access [BY, resulting in increased affinity B2, Initial studies,
using relatively small numbers of T/F and chronic control viruses, suggested that T/F viruses might display more
Env per virion than viruses isolated during the chronic phase of infection B3I34 However, a 2017 report based on
investigations with a large set of HIV isolates from donor and recipient pairs suggests that mucosal transmission
does not necessarily select for viruses with increased Env content 3, However, there is consensus that some T/F
viruses have enhanced infectivity 31341351 Sybtype A and C T/F viruses often have relatively shorter V1/V2 and
V4 loops, likely increasing access to CD4 and co-receptor binding sites [B8IB7IB8IEA - Simijlarly, glycosylation of the
T/F Env also differs from chronic-phase viruses 4%, with fewer potential N-glycosylation sites around the V1/v2 1]

(421 and C3/V4 region 431, which seems to provide increased transmission fithess 421431,

HIV-1 T/F viruses normally use the CCR5 as a co-receptor, though CXCR4tropism of T/F viruses has been
observed occasionally 4. CXCR6-tropism has been reported for some T/F viruses in infected infants 42, even

though CXCR6 is considered a minor contributor to HIV-1 infection in general 48],

There is mounting genotypic and phenotypic evidence suggesting that T/F viruses with a higher replicative capacity

are preferentially selected 4748l The high level of replication in the early steps of mucosal HIV-1 infection is
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thought to be necessary to evade innate immune responses, facilitate exposure to target cells, and establish
persistent infection “9BA Another feature that may provide infectious advantage to the selected T/F virus is
resistance to innate antiviral type | interferon (IFN) response B35, Finally, T/F viruses also show resistance to

IFN-inducible transmembrane proteins, which usually restrict entry by inhibiting viral membrane fusion to the target
cell 32,

2.1.2. Identification of HIV-1 Target to Inhibit Viral Cell Binding and Entry

HIV cell entry is mediated by Env, which binds first to the primary receptor CD4, followed by binding to a
coreceptor, usually CCR5 or CXCR4. Although the cell type targeted by HIV-1 depends on the relative expression
of the CD4 and CCR5/CXCRA4 receptors, other attachment factors (glycolipids, proteoglycans, integrins, mannose
receptors, and lectins) also play a role. Thus, HIV-1 can enter multiple cell types, including monocytes, T cells,

macrophages, and dendritic cells (DCs), as well as non-immune cells such as epithelial cells, and fibroblasts [531(24],

Unraveling the structure of Env and its dynamic interaction with CD4 and CCR5/CXCR4 has spurred the
development of various immunogens and entry inhibitors 2453561 The Env is a trimer of a heterodimer composed
of the glycoprotein subunits gp120 and gp41 (Figure 1). The gp120 subunit, responsible for enabling virus binding
to CD4, comprises five conserved domains (C1-C5) and five variable loops (V1-V5). The gp41l subunit mediates
fusion of viral and cellular membranes. Viral cell entry is orchestrated by a series of conformational changes of the
Env trimer triggered by sequential binding of gp120 to the CD4 receptor and then coreceptor CCR5/CXC4, which
"releases” gp41 and leads to the fusion of the viral with the target cell membranes and release of the viral core into
the cell. For detailed descriptions of the mechanisms of the receptor-mediated entry of HIV-1 the reader is referred
to several recent review articles on the subject 281571, Here, we will focus on viral entry targets under investigation

for the development of entry inhibitors and immunogens.

The main targets of entry inhibitor-based strategies are the domains on gp120 involved in the binding interaction
with the CD4 receptor and the CCR5/CXCR4 coreceptor. Prior to engaging CD4, functional Env trimers on the
virus are in a closed but metastable state (dubbed state 1 [28]) that seems to be stabilized by the cholesterol-
enriched viral membrane 58, Binding of a single gp120 protomer to CD4 transitions the other protomers within a
trimer to a default intermediate conformation (state 2) and partially opens the Env trimer structure with each
protomer displaying asymmetric conformation B2, In this second state, the protomers not initially bound can
engage additional CD4 receptors, resulting in a further opening of the trimer. This opening leads to a positional shift
or rearrangement of the V1/V2 and V3 loops to enable access to the coreceptor binding site in the CD4-bound

conformation state (state 3).

An additional target for entry inhibitors is gp41. During the rearrangements in gp120 mentioned above, gp4l is
triggered to mediate fusion of the viral membrane with the target cell membrane by insertion of its N-terminal
hydrophobic peptide into the target cell membrane. This action allows the formation of an energetically favorable

hairpin structure that drives the fusion of the two membranes 58,
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In addition to Env, viral and cellular membrane lipids also play a role in HIV cell entry 89, Recent evidence shows
that the membrane-proximal external region (MPER) and the transmembrane domain sequester cholesterol to
constrain the antigenic conformation of the MPER 81 and facilitate membrane fusion 2. Another mediator of HIV
cell entry has been described; the phosphatidylserine exposed on the viral membrane can interact with host
phosphatidylserine-binding molecules 83, However, while membrane-active compounds could inhibit HIV-1 cell
entry and display virucidal activity, they face the same challenges as all lipophilic antivirals, a lack of specificity and
high cell toxicity (64,

Interactions with other cell-surface molecules is thought to facilitate Env binding by bringing the virus particle closer
to CD4 and coreceptor. These attachment factors have different roles in HIV-1 transmission and infection, and are
cell-type dependent. HIV Env can interact with galactosylceramide and heparan sulfate proteoglycans (62168167
mannose receptors 8869 on macrophages and epithelial cells, and gut-homing 04f7 integrins on T and B
lymphocytes [Z9. On DCs and Langerhans cells (LCs), two Ca2+-dependent C-type lectins, the langerin (72 gnd
the dendritic cell-specific intercellular adhesion molecular 3-grabbing non-integrin (DC-SIGN), can bind
carbohydrate moieties on gp120 22, While some studies show that HIV-1 particles can in part be degraded within
DCs, other studies show that DC-SIGN+ DC’s promote HIV-1 transmission to CD4+ T cells via the immunological
synapse in a cell-to-cell mode of interaction L3I74I7SI76] This mode of transmission can also be promoted through
a4p7 integrins by activating lymphocyte function-associated antigen-1 integrins 2. Antibodies targeting the a4p7
and the C-type lectins were shown to reduce mucosal and plasma viral load in rhesus macaques and are

associated with protection in highly HIV-1 exposed seronegative individuals (HESN) [Z8I[73],

Another feature of HIV-1 Env that influences viral infectivity is glycosylation 9. In some cases, single point
mutations have revealed the essential role of specific glycans around the CD4-binding site B, on variable loops
[82(83](84] and on gp41 LZ3IB4BS] for viral binding and infectivity. High-mannose glycans on gp120 can also bind
langerin on LCs and DC-SIGN on DCs [88I(87],
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Figure 1. Sites of vulnerability on the HIV-1 Env trimer. Cartoon representation of the Env trimer composed of three
gpl120 (yellow) and three gp41l subunits (grey) as displayed at the viral membrane (brown). Epitope locations of
common bnAbs are shown as color-coded dashed line circles. Footprints of bnAbs on an actual X-ray crystal

structure of the HIV Env are also presented in recent reviews (€8],

2.2. Host Factors Modulating HIV-1 Mucosal Transmission and Infection

Many host factors contribute to the bottleneck B9 that typifies HIV mucosal transmission and local viral replication
before systemic dissemination. As reviewed recently, these factors depend on the biophysical differences between
HIV-1 exposed mucosa, female and male genital mucosa, and rectal and intestinal mucosa 4. As such, the mucus
layer and the underlying epithelium are anatomical and physiological barriers limiting mucosal HIV-1 infection 2],
However, HIV can penetrate the epithelial barrier via multiple mechanisms including, epithelium micro-laceration,
virus-triggered disruption of tight junctions, and transcytosis. Once this first barrier is overcome, several cell types
influence the selection of the founder virus, viral spread, and disease progression (Eigure 2) 18143 The outcome of
HIV-1 mucosal transmission and infection is influenced by the broad spectrum of mucosal cells interacting with

HIV-1 at the mucosal site, the multiple mechanisms of transmission, and mucosal immune activation.
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Figure 2. Model of HIV-1 mucosal transmission. (1) Most HIV-1 infections begin at the rectal or genital mucosa,
where infected fluid transmits the virus as cell-free virus particles or cell-associated forms (2) Among the risk
factors facilitating mucosal transmission in the female genital tract, an altered microbiota, such as during bacterial
vaginosis (BV) or sexually transmitted infections (STIs), can increase the anaerobic bacterial population,
decreasing mucus pH and viscosity, and initiating a mucosal inflammatory response leading to disruption of the
epithelial barrier. HIV-1 can pass through the epithelium via different mechanisms including (3) capture of
intraepithelial LCs, (4) paracellular penetration following epithelium micro-laceration or (5) tight-junction disruption.
(6) HIV-1 can also enter epithelial cells by micropinocytosis or endocytosis B2 which can lead to prolonged
sequestration of the virus or a transient passage by transcytosis to the submucosa. (8) Following these different
routes, HIV-1 can be present in the submucosa and exposed to immune target cells (lymphocytes, DCs, LCs,
macrophages). Inflammatory responses heighten the recruitment of innate and adaptive immune cells, which
promotes viral replication and dissemination [BARLE2B3] These varied steps of mucosal transmission shape the

selection of the T/F virus.

3. Early Prevention of HIV-1 Infection: Passive and Active
Immunization Targeting HIV Env-Mediated Cell Entry

The association of anti-HIV antibody responses with viral evolution and infection outcome has long supported the
rationale for passive and active immunization strategies 24, The past decade was marked by the discovery of a
new generation of nAbs with exceptional neutralization breadth and potency. These broadly active nAbs (bnAbs)
protect against infection when administered prophylactically in animal challenge studies and serve as templates for
vaccine design capable of protecting from infection as prophylaxis in animal challenge studies 24!, Although bnAbs
are mostly described as systemic circulating 1gG, their protective role at the mucosal portal of entry is being

evaluated with increasing interest [23],

3.1. Neutralizing Antibodies: Epitopes and Functions
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The HIV Env is the sole antigenic target of nAbs. NAbs can target a variety of exposed epitopes on Env. However,
only six major epitopes for bnAbs have been defined: (1) the CD4-binding site, (2) the high-mannose patch at the
base of the V3 loop, (3) the “silent” face, (4) the V2-apex, (5) the gp120/gp41 interface including the fusion peptide,
and (6) the gp41 MPER. One notable characteristic of bnAbs, extensively reviewed elsewhere 28 s their general
ability to engage or penetrate the extensive HIV glycan shield. Indeed, most bnAb epitopes are easily accessed on
gp120 or gp41l soluble monomers but are occluded in the functional conformation of the Env spike [28[97128](99]
Binding of nAbs to Env blocks virus entry through various mechanisms, including direct competition and steric
hindrance for binding to the receptor and co-receptors, trimer stabilization preventing conformational change

necessary for membrane fusion initiation, and destabilization of the Env trimer rending virion non-infectious.

While nAbs have been shown to be very efficient at blocking infection of cell-free virions in vitro, their potency is
significantly decreased in in vitro models of cell-to-cell transmission LO9I[101JI102I[103] ' Several factors, such as high
local multiplicity of infection at the viral synapse and membrane steric hindrance, might explain such differences
and are thoroughly reviewed elsewhere 194 However, bnAbs can still suppress post-transcytosis HIV-1 infectivity
and are superior to non-neutralizing antibodies (non-nAbs) at preventing virus infection of mucosal tissues 193!,
Indeed, one report showed that a V3/glycan-specific bnAb (10-1074) was highly effective in protecting against cell-
associated transmission in macaques 193, Whether the efficacy of bnAbs against cell-associated virus is virus-

dependent remains to be elucidated fully.

Like all antibodies, bnAbs can mediate Fc-dependent activities which can lead to the destruction of virions and
infected cells through antibody-dependent (AD) cellular cytotoxicity (ADCC), phagocytosis (ADCP), and
complement-mediated lysis (ADCML). In the RV144 clinical trial, which showed modest protective efficacy of a
candidate vaccine formulation [L96I[107][108] Fc_mediated functions of elicited antibodies seem to be correlated with
slow HIV-1 disease progression and viral escape 199, An increasing body of evidence also supports a role for Fc-
mediated functions in bnAb-conferred protection in vivo 219, |n one study, it was estimated that Fc-mediated

functions contributed as much as 50% of the total antiviral antibody activity in vivo in mouse and macaque infection
models 114,

Subclass-specific characteristics and Fc-functions are likely to also impact antibodies' protective capacity. Many
bnAbs have been cloned, therefore precluding identification of the subclass from which they derive. However, for
those bnAbs that have been recovered by in vitro cultures, many have been found to be IgG1. A notable exception
is antibodies targeting the MPER region, which have been isolated predominantly as 1gG3 1121131 The flexibility of
the IgG3's long hinge region has been suggested to favor access to the MPER epitope in very close proximity to
the membrane. 1gG3 flexibility was also proposed to increase the neutralizing capacity of bnAbs targeting the V2-
apex 1141, Reports suggest that IgA bnAbs can emerge from IgM or IgG through direct or so-called sequential class
switching (11811161 which redefines the specific contribution of antibody subclasses in mucosal humoral immunity
(reviewed in [118)). Moreover, models evaluating protection against HIV showed differential impacts of IgG and IgA
in various compartments. For example, IgG appear to take precedence over IgA in HIV bnAbs protection in ex vivo
human vaginal explants and macaques intrarectal challenge models 271 while dimeric IgA in breast milk show a

critical role at the gut mucosa and in protection against mother-to-child transmission 218 Antibody Fc-functions
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may also play a role in antibody-dependent enhancement (ADE) (reviewed in [£12l), Although only observed in vitro,
ADE was suggested to explain increased infection rates in individuals with relatively low antibody responses in
vaccine trials 129 ADE was also correlated with particular FCR genotypes, characterized by stronger Fc-binding
affinities and higher infection risk (1211221 Maintaining protective concentrations of bnAbs, especially at the

mucosa, may thus be needed to decrease the putative risk of ADE.

3.2. Targeting the Transmitted Founder Virus

As mentioned above, several Env phenotypic and genotypic traits have been linked to viral transmission. The Env
of viruses isolated during acute infection are typically CCR5-tropic and have, on average, fewer N-linked
glycosylation sites 4142l and shorter variable loops BZE8I39 compared to Env from viruses isolated during the
chronic phase of infection. These features, which potentially increase the exposure of nAb epitopes, have been
associated with increased sensitivity to autologous nAbs in HIV-1 infected individuals [#21[123]1124][125][126][127]
Strikingly, these same antigenic features have also been associated with an increase in resistance to neutralization

by heterologous nAbs and bnAbs at a population level over the course of the pandemic [1281129]

Although increased neutralization susceptibility of T/F viruses has been reported in some studies BJ41I130] the
converse observation has also been made [128l131]l132] The discrepancies might be due to variation in subtypes,
study populations, and specific methods used to assess neutralization sensitivity. Indeed, Env neutralization
susceptibility signatures appear to be bnAb-specific even within an epitope class and typically correlate with bnAb-
HIV subtype preferences (128, Therefore, the evaluation of neutralization sensitivity to heterologous plasma from
HIV-infected individuals or pooled HIV-IgGs is often confounded by the very nature of polyclonal responses, which
are likely dominated by strain-specific nAb responses 131 To circumvent these caveats, some studies have
tracked transmission pairs showing an apparent selection of more sensitive variants at transmission in some
cases B4 hyt no differences in others 1321 Co-receptor tropism was also correlated to neutralization sensitivity
with CXCR4-tropic T/F viruses, reported to be more resistant to neutralization, possibly due to structural
differences of the V1/V2 and V3 loops [233],

Overall, studies comprehensively evaluating sensitivity to bnAbs have not observed any particular neutralization
susceptibility of T/F compared to chronic viruses 1231, Nevertheless, the bnAb and subtype-specific neutralization
susceptibility signatures highlight the importance of continuous monitoring of circulating T/F viruses to ensure the

adequacy of bnAbs included in passive immunization strategies in different regions of the world.

3.3. Systemic and Mucosal Antibody-Mediated Protection against HIV-1

The identification of exceptionally potent and broad HIV nAbs has reinvigorated efforts towards the development of
an effective vaccine as well as increased the possibility of antibody-based immunotherapies against HIV 1341,
Indeed, in vitro and in vivo studies 232 have provided extensive evidence that passive immunization can protect

against HIV acquisition, which is currently also being evaluated in human clinical trials.
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Antibodies targeting the CD4-binding site have long been the primary focus of bnAb intervention strategies, due to
the critical functional role of this target site. One of the first representatives clinically tested was F105 238l The
antibody had a good safety profile and a blood half-life of 13 days. Among the new generation of bnAbs, VRCO01-
class CD4-binding site bnAbs have been highly prioritized for both vaccine and passive immunization strategies.
Among this bnAb family, 3BNC117 137 showed good safety and high efficacy in a phase l/lla study and
suppressed viral rebound when ART was interrupted [1381139] despite the occurrence of breakthrough infections by
resistant HIV-1-strains 139, Combination therapy of bnAbs targeting different regions on gp120, more likely to be
most effective, is now preferentially being evaluated. The combination of 3BNC117 and 10-1074, a bnAb to high-
mannose patch at the base of the V3 loop of gp120, is well tolerated in healthy adults 149,

To further improve the pharmacokinetics of these antibodies, modifications have been introduced in their Fc
domain 241, The so-called LS mutation (M428L/N434S) increases binding affinity for neonatal Fc receptor (FcRn),
resulting in a 2—3-fold increase in antibody half-life. VRCO1, which also has shown good tolerability and safety in a
phase | clinical study (142 is currently being assessed in phase I/ll studies in comparison to the LS-version [143],
Two large-scale double-blinded, multi-centered phases llIb clinical trials, HVTN 703/HPTN 081 and HVTN
704/HPTN 085, also dubbed the AMP studies, are being conducted in parallel to evaluate the safety and efficacy of
VRCOL1 in preventing HIV-1 infection in sexually active adult women (sub-Saharan Africa) and men or transgender
persons who have sex with men (USA, Brazil, and Peru), respectively. Results are expected by early 2021 and
should serve as a benchmark for the field to determine protective thresholds. Determining the concentration of
passively administered bnAbs at the mucosa will be of particular interest in these trials, providing clues for antibody
titers required for protection. The impact of mucosal environment-specific parameters, such as pH, on antibody
binding capacity, may also need to be considered. Specifically, bnAbs targeting the CD4-binding site rely on a
critical salt bridge for binding, which is disrupted at vaginal pH (4.5) 1441,

| 4. Treatment of HIV-1 Infection with Entry Inhibitors

In the previous section, we discussed passive and active immunization strategies to block HIV infection at entry. In

this section, we review the current state of the art in terms of inhibiting cell entry with non-antibody inhibitors.

Currently, HIV-1 infection is commonly treated with highly active ART (HAART); the drugs reduce the viral load to
undetectable levels and thus prevent a progression to AIDS 1431, This therapeutic approach consists of a mixture of
at least three different viral inhibitors, targeting three different viral proteins required for replication 2281 Although
these antagonists are generally effective, the emergence of resistant strains is a constant challenge 247, New HIV-
1 inhibitors are therefore being investigated. HIV-1 entry-inhibitors add an additional dimension to the broad pallet
of anti-retroviral drugs and provide more flexibility for current HAART schedules. Entry inhibitors provide a
significant advantage compared to other inhibitor-classes because they block the infection before the virus infects

the cell. Obviously, this is a feature that reverse-transcriptase, protease, and integrase inhibitors do not possess
148
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Entry inhibitors encompass a large variety of compounds distinguished by their target protein and, therefore, by the
stage at which they block the cell entry (Eigure 3) [149150] The common targets are the Env gp120 [12111152] gng
gp41 21331 the host receptor CD4 and the host coreceptors CCR5 and CXCR4 1541,

Attachment to Coreceptor Pre-hairpin Membrane
primary receptor  binding a0 s  conformation Fusion (Hairpin
a d'ﬁ conformation)
Inhibators. targeting -] =
gp120 eg. o N
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e.g. Maraviroc Enfuvirtide

Figure 3. HIV-1 entry inhibitor targets. Compounds that inhibit the first stage of viral binding target epitopes on the
primary receptor CD4 or on gpl120. Other classes of entry inhibitors target subsequent conformation states of the

Env trimer to block CCR5/CXCR4 co-receptor binding or gp41-mediated membrane fusion.

In addition to their mode of action, inhibitors can also be differentiated by their chemical nature (Eigure 4).
Numerous inhibitors are small molecules based on heteroaromatic scaffolds 1511341 Another major group of
inhibitors is amino acid-based, ranging from small peptides to proteins like lectins and antibody-like molecules 321,
A common strategy to create multifunctional entry inhibitors is to covalently link two or more proteins or peptides
(1501 The resulting fusion proteins, also known as bifunctional antiviral proteins (bAVPs), then combine features of
two different entities, which can lead to broader viral specificity. Other scaffolds like polyanions 123, and even

whole cells [228] have also been studied to prevent viral cell entry.
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Figure 4. Entry inhibitors classified by chemical nature. Entry inhibitors can be classified chemically into three
categories, the polyanions, the small molecules, and the amino acid-based inhibitors which included peptides,

glycoconjugates, lectins, and monoclonal antibodies (mAbs).

This section will give an overview of the different concepts that have been evaluated to prevent HIV cell entry. To
underline successful strategies and discuss issues that have arisen, we will focus primarily on inhibitors assessed
in human clinical studies (Table 1). Additionally, we will discuss novel strategies that have been developed to

improve inhibitor properties and overcome observed pitfalls.

Table 1. List of entry inhibitors tested in clinical trials to date.

Site of o . Type of o
. Name of Inhibitor Generic Name Current Clinical Status Reference
Interaction Molecule

GP120 Dextrane sulfate ) 157

- polyanion Phase I, NCT00001009

(UAOO1)

. 158

Curdlan sulfate - polyanion Phase I, NCT00002100
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Site of o . Type of .
. Name of Inhibitor Generic Name Current Clinical Status  Reference
Interaction Molecule
) Phase I, 159
Pro2000 - polyanion
NCT00262106
small
Fostemsavir Rukobia Approved (160)
molecule
Griffithsin gel - lectin Phase |, NCT02875119 —
F105 - mAb Phase |, NCT00001105 18
Phase I+,
3BNC117 : mAb [L38][139]
NCT02588586
10-1074-LS - mAb Phase |, NCT03554408 140
Phase I+ll,
VRCO1 . mAb 142
NCT02664415
Phase I+,
VRCO1LS : mADb 143)
NCT02797171
CD4-lg2 (PRO Phase I/,
02! - bAVP 162
542) NCT00055185
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Site of o . Type of .
. Name of Inhibitor Generic Name Current Clinical Status  Reference
Interaction Molecule
) ] small 163
Maraviroc Celsentri Approved
molecule
small
INCB009471 - Phase Il, NCT00393120 [164]
molecule
small
PF-232798 - Phase Il, NCT00495677 [165]
molecule
small
TAK-652 Cenicriviroc Phase Il, NCT01092104 166
molecule
CCR5
MK-4176, SCH o small Phase I, T
Viciviroc
417690 molecule NCT00474370
GW873140, ) small Phase lI+11l terminated, 168
Aplaviroc
AK602 molecule NCT00197145
HGS004 - mAb Phase I, NCT00114699 [169]
) Phase I/, 170
PRO 140 Leronlimab mAb
NCT03902522
small Phase /11, o
CXCR4 AMD11070 -
molecule NCT00089466
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Site of o . Type of .
. Name of Inhibitor Generic Name Current Clinical Status  Reference
Interaction Molecule
Enfuvirtide Fuzeon peptide Approved [172] ications
rotein- Phase Il1+lll,
Albuvirtide - . _ Lz
conjugate NCT04560569 )71—
C34-CXCR4 . cell Phase I, NCT03020524 (L]
GP41
Phase I/, 175
2F5/4E10 - mAb
NCT00219986
loore,
v
10E8.4/iMab - bAVP Phase |, NCT03875209 are 33,
R.:
Ibalizumab (TNX-
CD4 ( Trogarzo mAb Approved 177 and HIV
€39 dr

7. Adimora, A.A.; Hughes, J.P.; Wang, J.; Haley, D.F.; Golin, C.E.; Magnus, M.; Rompalo, A.;
Justman, J.; Del Rio, C.; EI-Sadr, W.; et al. Characteristics of Multiple and Concurrent
4.aBpdr20ipaKibitarg/omen at High Risk for HIV Infection. JAIDS J. Acquir. Immune Defic.

Syndr. 2014, 65, 99-106.

The f|rst grou% of |nh|b|tors in this category is the |nd|scr|m|nat|ng Eol¥a?|ons (151 These compounds, active
nt

8. Frie ison, B.; Starcevi (J*nta O’Kone egratln%]lnterv%ntlo s on
agalnst severa erent V|ruses are a mlnlstere oral Yy OI‘ as a geI N the genlta ract €y are pased on a neutral

materpal m nd morhidity an V: A human righ fram rk an roach. Health
polymaetre tﬂat |sourt g? r(]thIORa Z% Y %/ Csjuwate groHpsa Th(,9 rt[assu t"flnsge ﬁ‘l aorgegl p%l?ﬁt%rgagreven?al-}lv

attachment II%h Sezt(t)c:)l'szt recep]"tgr or coreceptors by binding positively charged residues present on gp120 [178]
BexdraresufateBW00 1] ik obBe; dBthg tiedi oo ffesMaativiazeGibizzdiaz, WEATHO siayiity, Autfitethratinked glucose
polftasshibds o GplPe dral rdvdvial e drdoentusedinguitiple sexemipras IR anddHIXOR progpe ptiv@ising
rescis@roondt ahstudyranikiinshasd @ORICEtALDS Gara®@01€)128 WaR-a&8kssed in a phase | clinical study.
BRSO TRIC X RS SR LR R ARG, S AR aTaITE W ok SR
PRG35 052 RO GHOLA S0 SRR Pl SR ™
CD%# c{mgl—j ngsq‘pé%?the KSH%’ afionar ﬂ%g\ﬂ? Sg(raﬁgs t%p‘"h F8h§urvey Lfldylnterpe e \?'8“3}/1 Su”ated
po'ﬁ”tf’fgﬂk?é%‘faoE%BB 0177 a polyanion with a different ponmerlc backbone, also proved to be safe and well-
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libldrated syHen hamirasterdd. aSantadial@eokat didRidgediae KIyN antdesyrGigRiacketly Gh; Bpaasan| Sudy
[181De Bruin, M.; Desrosiers, P.C.; et al. Experiences of gender-based violence among female sex
workers, men who have sex with men, and transgender women in Latin America and the
One afiBise AIPSA YiRNRAEE RIHgted ipmsthmalecrofiBpiaTm RreNIt 1ap 1R &AtH el hrieRRyRls 20mgoyrd
Fostermpgavir (Formerly BMS-663068/GSK3684934), a prodrug version of the drug Temsavir (182] |n addition to a
good safety profile, the antagonlst reduced viral loads in patlents Wlth multldrug -resistant HIV-1 by up to 60% and

12. Lazar wom Andrasik Kuplin r
was 6rleg'erlilty app(r)otveg bbet’he FDA e%] [go%temsgvﬁ'sbln S d|rectly o gp 20 IeallJcP ng tb] %nchgl%ormatlonal

chavees Tiet Mable The Vi r‘é&%%%'ﬁ‘??o%r‘éﬁﬁé’e&t%ﬂeé‘o% risk for HIY aoquisition jn.Soweto, .
alsoS gtl)'lct) sﬁftrtlt%a}nt%réoc\:furoﬁ] ofHé\rflléﬂoe\gvltg%]Dgét negat|ve ‘cells, suggesting an additional mechanism that is not fully
Iithdaleaide yi L4 Roakriguidz, M sokilsitityl olvi. adrediud Temdéeis sn&ivhAdtbssynigviriicaad ity the
appiiradtices Fostensaninvisthetivraedt ed-fes ke tredvnimfectios demiike thmedhbels platcstpdynsnOrke group
recioyneps tele altht260 yntBedig Hf1¥Reral derivatives of Temsavir, in which the central piperazine ring was
PSS P PSR PN SRR Viru 1R YR RABB RS ST BaRL S oA v oeee
SO|LIIH+] X‘tt 0 h'?oiulovﬁe_l_dob%%eéft?g]% suggesting higher serum concentrations of the drug. Regrettably, this
modification also reduced the binding affinity to gp120.

15. Pedro, K.D.; Henderson, A.J.; Agosto, L.M. Mechanisms of HIV-1 cell-to-cell transmission and the
An@btalglishpnef i 1o dheeylateibitoesarimmedibyddeirss. 20Y Q286 ,id héanily hlycosylated, meaning that a lectin
16 BRI BG RLARHE  ANEL el CHINEHSHLURR SRpiSRAS e fdf Gy <-

Was i %mldles stuch Iectlr‘bgﬁtg ﬂ'}gm@lto bind HIV Env with picomolar avidity Grn‘frthsrn binds

etrovirology
ollgomann03|d|c glycans on gp120 and is postulated to cluster HIV virions. However, the detailed mode of action is

11 LT QA LLLTBIRIAS Gyith- oIV IFDRE M redRtbh e - BAMh S elbvatesidctigliSighaltng jedspsansepityeat
ha/BNHEEN tederive eal SpreadidselhRepirdth  id8e iy 10difly investigated in two phase | studies

1Q' NS B0 NEREEER) BE e FatRAAIRUNISEERA RS SHBL AN PRe@aERE During Sexual

Transmission of Transmitted Founder HIV-1. Front. Immunol. 2019, 10, 1599.
Finally, fusion proteins combining the activity of different proteins hold promise for targeting cell-to-cell

18 NRYALSEY, M MY Ble S aNge R (PREseESIWeyhrn B semarMy & gHRSIMMHIBICHY ghdNY-d6mains
of therhiod Cianssissipned GioselyiRaiatastihbaliBsuNirghiteraesaRdAsiP M Hockdd cell-to-cell

trar%%@@gﬁe‘and neutralized several HIV-1-strains. This fusion protein was well tolerated in a phase /1l study in

pildien e sduced e @Rl idaf¥SSH. P.T.: Haynes, B.F.; Hahn, B.H.; Shaw, G.M.; Bar, K.J. Low
MUIté)IICItY f HI_V-1rInfect|on and No Vaccine Enhancement in VAX003 Injection Drug Users.
2Ope orum1n#ec sbls 2014, 1, 56.

22nalehride Easl. Storfer, Fd. cRIuRED, ENhaVutRbraMiat@ork s eseapsaneaninifairthimteep pipymptional
chapgestiondiPilo SCORIEDEQPE, fusioaOReeess) . a range of antagonists based on HIV-1 peptide and protein

structures are belng developed 221, The only fusron inhibitor approved so far is Enfuvrrtlde (T20, Fuzeon) a 36-

22. San sanen, Schuelke, N.: Master, A; Schiffner, L.; Ka naraman,
amrno ach peptrde Y It was (l}/(laﬂgned based on the second’ heptag repeat (HR gp4l, ohe of theuh(glces

out, W.C.; et al. Sta ilization of the Soluble Cleaved Trimeric
formed %urrngi]fuslgon leg%mtlj% to ﬁrstqtepct:ad repeat of p41,t Iereab Qlogktfng formal'aon of_lg mo ecular arrpln
orm of the Envelg coprotein Complex o n Immuynodeficiency Virus
I AfPer sc?uy % rpa | stuéJ (l) was prroved %p HiV- 1 treatment

membrane fusion. wing a good per%)rmance in clinica es, 12

an
7002, 76, 887588 o

S now admlnlstered to treatment-experienced patients in combination with other inhibitor . Major

disadvantages include the need for subcutaneous injection, the short half-life, and the occurrence of resistant HIV-
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2Bsivaing, A.;pBpiitenarptei. cpityak, Qubbadentbgsirtide TEART Kwad ilkereldpedB ehm@rscdnel . sanspimjtd/] of
EnfDertida, 3931 Wy atte RI ThS reptidees Galidite] Redasignjligaped e shidranHH/ Ul Guinme ELRAL etBity effivibntly
inhilelexatdiés genplnter 4P iditom eiriisutfohe Re A ibtiag PO stubiypesssidrsiieat agealFifendf Immanilys, thus
allo2@iBfd.weekly injections. Additionally, it was well-tolerated in early clinical studies and was also effective in
LRI DR, N A e AR S PO HBE . TR e
i L e P By 5,20 R AT S s Wl o
entzél#\/té]% Sét ﬁ\rgl{]aS?CbI“ a R%\Ig?p&doe rﬁlﬁﬁﬁ% t%e)lleGNfeﬁ_rﬂaﬂa of the coreceptors CCR5 and CXCR4 to position
the |nh|b|tor at the virus blndlng site. These constructs are expressed by primary CD4 T cells and inhibit diverse

2AnH; BoldibSMRdrbhrMEIBRRS cbndellaR: £ppbhr FRraR Jard&iibHPsensibhand cBreddjbh fopism, as the
cx BN ebRsHus Do gL StiRDAN0sRsterSidetvERs Oh ik &RV aleR LIRS N WENhiRls that were
resiSBATNAIRASBIRRMYCHRDiNELr SHUGHIMO IR & auldBgdR4c34-CXCR4 cells is currently being

SRETAIRREA2RE | BEMdsen, Z.T.; Antanasijevic, A.; Schiffner, T.; Zhang, X.; Lee, W.-H.: Torres,
J.L,; Zhang L.; Irimia, A.; Copps, J.; et al. HIV-1 Envelope and MPER Antibody Structures in Lipid

Gpitlslsseﬁlt Ies %eﬁrﬂfnt tai'gsztofo:g fnfB.?S%ES and 4E10 are two MPER-specific bnAbs with modest potency

against several viral stralns alone and in combination with other antibodies L73J[195I196I[197] 2F5 and 4E10, when
2dorkbintd RAAD 12 L IRREAD- A8 G highidnahnbsebatdh ¥ thit Hi-REMO R st ahdYRARIES safe in a
phaiByiptians rexeardistingdifferencssdn seslormaional AynaneicsaichibeMadKiRBACE RRINRSRN A
sudfigrdnliganse thanr: GipERepad st ainmh o il Bd 1 @Bl 2% Rhyssifdaenaefr herbh&hysd 202G&dly being

inv@@&e’éﬁﬁoa bispecific format (10E8.4/iMab) with the CD4-receptor specific antibody ibalizumab (iMab) in a

a3 | HEYMNGHeRABKGRE SPNiisAbdesianing syalonrierutes Mimickigsatibasligrde LB MEIF R A high-
thraygBRU ST igEEeIRg RIS EATREUNS HrapioNi Asr ABERPREAGiAY bk 25 ARttedk £ has
led 4o, fiscidfatyfirriom el ddrpieat hHuiey siaal et uafeaitniaip e iR 4'880its in East Africa and

Thailand. PlaoSi Pathog. 2020, 16, e1008179.
4.3. CD4-Modulators

29. Klein, K.; Nankya, I.; Nickel, G.; Ratcliff, A.N.; Meadows, A.A.J.; Hathaway, N.; Bailey, J.A.; Stieh,
Givpnghat HieeSEYERTePiaV is thrififst Atloch@eal. moBe pf Gy Sdetieteck I BrisbrvR lfpsbeesf davaipped to

inhiGiy Gel| ARty tddnvRietssag tiesed aREkedy [balkie (TPaMSHYIIHNSBePAAUENANZEd Mayias|ond Zotibery,
is thgyfirgBand@nly of that kind that has been approved by the FDA so far (2001 1t binds to the CD4-domains D1 and
D2 but on the opp03|te side of %5)120 binding. This mteractlon disables gp120 rearran?_?ment upon HIV-1 Env
30 % gnstro adshu a, A.D.M.; I@_r;n1 M.S. Bottlen cks in HIV-1 smission:
bin mg Ereventlng inding to CCR5 an R4 co-recéptor An |nterest|n% eature of thls ant ody is that'its
Insq ts from the study of Iounder viruses. Nat, Igev Genet. 2hOlS 1
epitope™is on the opposite side of the MHC-II-receptor binding site, and therefore does not |mpa|r MHC-II-mediated
3innRetersibRliyrixewas-osednp, Wdlldto|Sratidamd\efidgtiBeawneRtrRe nivek plvicanadab pati€htsLafrerriaggle
dodé.erRobinsareeks ButisrubeRly Bethinlsiésin menabjiatiat althvanataniietdival diRigsiEétdBhage-
tropism correlates with sensitivity to reagents that block envelope: CD4 interactions but not with
4.4:Coreceptandnbilitenshitors. Retrovirology 2008, 5, 5.

3R APuperdecamp, M.J.; Clapham, P.R. HIV-1 gp120 Determinants Proximal to the CD4 Binding

Site Shift Protective Glycans That Are Targeted by Monoclonal Antibody 2G12. J. Virol. 2010, 84,
TheygaginritysaitiV-1 strains transmitted via vaginal or rectal mucosa are CCR5-tropic, making the CCR5-receptor

a promising target for HIV-1-drug design 29212031 Many clinical studies are currently in progress to assess the

safety and efficacy of these inhibitors. To date, only one is clinically approved, the CCR5 inhibitor Maraviroc, which
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38.cBatanigrueaniratemhingtjd aldharHer. Gotr ddiral air ity & 1828204 | TR dtry@rgiuBiire; dfl MdraiDeckiarcdniilex
witMéahgmsn; BarbuvacdpidrasjdedHictalial. idemnaiioidendity, thiolagidal pivenafymekand@®yshdiangmyat
maeattovdnyishik tCaRited doesedr wiy Sesdingioude arfdreatliynidl Yhinpécattoa rdedpx. thée dre2@08, HIV-
1 bdAmgl 2A3h@2Bigh affinity CCR5 antagonist is INCB9471 1841 |t is hypothesized that INCB9471 inhibits CCR5
37, BN PG oo v, P & Ainaing, ite SiBiemidroe Mraviee 2 heuat aphgee !
S AR AP A2 ST RO T Bropariiy 6 falital Bruer HINER RSN, RchtPrars. o
Maﬁ‘é‘;f&%oig?effﬂf’a%"é‘élaélﬁ’@g?f similar inhibitors, including the imidazopiperidine PF-232798, have been
developed 185, Despite the structural similarities between Maraviroc and PF-232798, a crystal structure of the
JardYebveared RibRERERIRy Modbarl dMiaisngLBartofpldmdtiaRAriiitinde ;prsmitof e - vRARMHBRors
207H QuirRHSP 8l Rz 6 NeRg MuXiFaiddanadi pha¥e Rt@hiEeSRi@Nce dRdyeer- MeHsirRnkis? Bdiae
cerft@iArRINRBRAH YoriEapsmicsiop) filaess RrrfidNal Acasym akik$AR0EEREL 4RI 58 %potent

SRR R GHRR PR HRRIG BIIERABUIECRENCARE R RYESRtRS TR (Arsistant HIV-1-
strng%cq_qﬁ%gezbf@{dzﬁog@ggﬁgtzr@@_ inhibitor was well-tolerated and highly effective at reducing viral load.

Additionally, Monocyte Chemoattractant Protein-1 (MCP-1) levels in study subjects were increased, a feature
3 SRRRAKRRECR 2 RNBTRR AR P NG Rl KRSl TraRihadbl PR Tebel ORGSO RS G B of
CClRERPR b RinHERAAMOwES, M il ddin ST RS PHEN RIS LATSI RSl Vi B fe8Punicn
Vi DR A R R G S o R AR R G r T P4 BRI GATIREHONG b 8R WASNSSif0d fofe
thar?jlg%%zggditional drugs showed no effect, patients with <2 drugs showed a slight decrease in viral load
3@nSred, tVthe akyeholgoier, 57, HoweSer, Gensitiecl way antesuitignts rupsRukial Sepwesddah@®approval of
Vic8igsgankambo, N.K.; Shepherd, J.C.; Toma, J.; et al. Selection of HIV Variants with Signature

Genotypic Characteristics during Heterosexual Transmission. J. Infect. Dis. 2009, 199, 580-589.
Although small molecules can lead to very effective inhibitors, they sometimes exhibit severe side effects. The 2,5-

S&DENY e R M- 1 VR el oFs Nl st NS B aldfin) - al ANk asRe G INPP L ofards UG RR e
oldPSORETIGR RS -1 RURNME forivEIARS: AN ERRL Ol ARG ARSIl AR tEEE9:G Sading to its
CIintl(r:{_;}lrnt%rrnni]Isns(,jil ) gﬁ.Virology 2010, 400, 164-174.

40. Go, E.P.; Hewawasam, G.; Liao, H.-X.; Chen, H.; Ping, L.-H.; Anderson, J.A.; Hua, D.C.; Haynes,
In 5igtion dQ el Meer's YRR P RS 68 AT RT T SHRILARHIV- PRPHIRhAttEG/RBTRRE ViIrus. One
exagmlpejaﬁlé% 'E?‘ﬂ?@%%‘ﬁ@&?&ﬁ?@ﬁfﬁgs%lWfb;flt?i@@, oothg sesand extracellular loop of CCR5. HGS004

has been shown to be well-tolerated in patients infected with CCR5-tropic HIV-1 and reduced viral load in more
4 P ELIE YR Stibhies RRSKE s B RS- RUCAE, F MKl by Mutldoon, My Reahameys-an Hel wial
An sk tSRE Uty MSHENHAs RusbiaileRibleu®ldd ROVGIORRIG A SRS Ny AlF i Renslve
Ren'ﬁ'é\r{{a%bﬁ‘lft%risHae%ﬁkgggy? )ﬁlégltﬁgagc%@rﬁesﬂiqg 'p?oc\j%récﬁlgggébglgﬁa%g ]a?tgrzgzszlhgle subcutaneous injection a
ARecBtasiadn cBrehtntyrDer SadparnvestidetibeinB. phasea épsard pRashdiidgieny. B.; Overbaugh, J. Selection
for Human Immunodeficiency Virus Type 1 Envelope Glycosylation Variants with Shorter V1-V2

4.4.2. CXCR4-Inhibitors : . : : :
Loop Sequences Occurs during Transmission of Certain Genetic Subtypes and May Impact Viral

Th%hﬂ%&p@or\{gﬁlv%t&%i@ﬁ?&u@i@é%hemokine receptor as it plays a major role in multiple diseases
A5 HOKeVParBsEORSS R daKIS, BURPSRIaGCRS- Bt IYe RRSHHGGaKgd o that are in
devRigRNRRIER SN strealReBhadiyh NYMReL Al Xatith RIUpAYE Tanartd Bl Ham ImihieoBérieitgy that
wasyflipicrppestodd TrVdrRRISE R Sl e arrhAMB 1180, 208, MissgdBliggsvealed a good safety

https://encyclopedia.pub/entry/7707 18/34



HIV-1 Entry | Encyclopedia.pub

4grotile, iA oy day lairsid. HDo D WtedcCliogkeys R\ ands/e€ thD andthprévipetagiasbigdat idsildy, ivbadding
the RéieacAdnd thBruainatipd vaidienatal eftel uticaradta Cof G rbarsid gokibitylirs pnaiclinic & GRowitAtddies.
Theaimeh FEREAFAXBRh s i ukipeapecc byskngikeinahdiiéputagrgen tn ¢ At tpdartogarsdite inhibitors can
eadigoonst sidoaif&. Repbi2damAAMBS0N, for instance, was initially designed as an HIV-1 inhibitor 212 but

45 BSRF \RYRIARD S9HE. 152 RS e Haltnal Ui Rt U et ok o
Bt PSRRI SFRASERHS FIARGNY AR SIS R i SEn R YR Ay Lg e
© Ség?rdﬂg'%:%rr“er érb ick))}t r3‘7'I%?ar'1smitted Founder Viruses. J. Virol. 2018, 92, e00063-18.

weng, H.: t . D.: KewalRamani, V.N.; Littman, D.R. Expression Cloning of New Receptors
‘f%sggjwsglﬁ% P 9 P

Imian and Human Immunodeficiency Viruses. Nature 1997, 388, 296—300.

47s FlserottcETepladiveldneeonraadalsithe LiPiRgifss canisuein/ipl celf SRea CisHeries/ TS, deesitpment of
effegiigovaNIY JINTRECORHD@RIS M Condf Tehdhypriled MESIHANINY FeloiRe iMPIesIhRIMIGANPRIESan
increasR &Y redieg, macesepprrtigpfunction against the virus is essential to the development of an efficient strategy

preventing HIV mucosal transmission. The potential to better understand the basic mechanisms of mucosal barrier

48. Carl .M.; Schaefer, M.; Mon D.C.;B R.; Claiborne, D.T.; Prin ., Deymier
f%ngi%nsrgna’vgnt [{6) ]S-ﬁv at'r%r?smll\élsion %ngce%try n(%a’ke %t%rgrlﬁ}f’ ant i%p?agto onethe ad\’/ance%ee’n’[] of H‘w prgv’ention

resé’;';r%; Ende, Z.S.; Klatt, N.R.; DeZiel, C.E.; et al. Selection bias at the heterosexual HIV-1

transmission bottleneck. Science 2014, 345, 1254031.

485 THIRSSE\ HareNTisipaBATANISINS\?4R IR RIUedatretfiliines Bl eRIrmitLne CElland HestHRARENTSIBENg
infegfien iigataRiaedEsal nIralssThrsdiorsaRe vaaRado haeuFrAreeIUNatyrapBection, For instance, it

is common practice to infect the animals with cell-free virus particles to evaluate one treatment, although it is now

PSSR T ifacied Doty Hinds ac aevgﬂgin“"é MOCOSA ansimeatons YOl at SEer adial fid And
an

A.J.: lurain, J.;: Puplantis, M.; Veazey, R.S.: et al. Definjng the |nteraction of HIV-1 with the
breast milk, contain Eotﬁ cel —?ree and ce%ﬁgssoc%fed HIV. As oflsgussecj agove, the rotectl:l'/e a |I|It|es of HIV-

neuwgﬁ?ﬁgagggtg%gaggéhﬁg %t eaJernﬁggafjegsjgtrg/%Jﬁ?rgltté‘g{'tgltrr%'n%%%'r%lizfsa?tib%]b cgﬁ—i!'r%g%(l)rhs particles but
Sis¢-eotamed/a-Asfociddabiery, B2 HEifonsiiicleydlyddingmbo&iafferettiok adAas ddneghiae, Wubparticles
andRellemysnoiafed Vinlikamgrektirfzihstngd s ShdGld meFen et ahdre lativetee sisksn oatofaHinfettitms &l

viruses to control by interferon-alpha. Retrovirology 2013, 10, 146.

Similarly, evaluation of correlates of protections also demonstrates the multifactorial nature of HIV mucosal

52, Foster, T.L.; Wilson, H,; lyer, S.S.; Coss, K.; Doores, K.; Smith, S.: Kellam, P.; Finzi, A.; Borrow, P.;
infection and spurs alternative’ approaches to limit' HIV-1 infection. As such, some approaches investigate’ theé
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