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Abstract

Purpose of review—Although the goal of preventive HIV vaccine design is primarily the 

induction of broadly neutralizing antibodies (bNAbs), recent evidence suggests that a protective 

response will also benefit from Fc effector functions. Here, we provide an update on the antibody 

response to HIV infection, including both Fab and Fc-mediated antibody responses. We also 

highlight recent studies showing the interplay between these functions, focusing primarily on 

studies published in the last year.

Recent findings—Identification and characterization of bNAb donors continues to provide 

insights into viral factors that are potentially translatable to vaccine design. Improved and more 

diverse measures of Fc effector function, and modulators thereof, are enabling a deeper 

understanding of their role in infection. New data providing mechanistic links between the innate 

and adaptive humoral immune responses are creating exciting opportunities for vaccine strategies, 

with the aim of eliciting a polyfunctional protective response.

Summary—New insights into the overall humoral response to HIV infection are defining diverse 

and synergistic mechanisms required for antibody protection from HIV through vaccination.
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INTRODUCTION

Studies of HIV-infected donors over many years have provided extraordinary insights into 

the humoral immune response to the envelope glycoprotein (Env) of the virus. These 

antibody responses develop despite the fact that Env presents a significant immunological 

challenge, as it is heavily glycosylated, highly sequence variable and conformationally 

Correspondence to Penny L. Moore, Centre for HIV and STIs, National Institute for Communicable Diseases, Private Bag X4, 
Sandringham 2131, Johannesburg, South Africa. Tel: +27 11 386 6331; fax: +27 11 386 6333; pennym@nicd.ac.za. 

Conflicts of interest
There are no conflicts of interest.

HHS Public Access
Author manuscript
Curr Opin HIV AIDS. Author manuscript; available in PMC 2020 June 30.

Published in final edited form as:
Curr Opin HIV AIDS. 2019 July ; 14(4): 233–239. doi:10.1097/COH.0000000000000559.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



dynamic. As vaccines have traditionally sought to elicit neutralizing antibodies, which can 

provide sterilizing immunity, many studies have focused on these responses, particularly 

broadly neutralizing responses during infection. However, more recently, so-called 

‘nonneutralizing’ antibodies with Fc effector function have gained increasing focus (see 

Zolla-Pazner et al. this issue). Here we review advances and gaps in our understanding of the 

antibody response to HIV Env, and the implications of such studies for HIV vaccine design.

STUDIES OF BROADLY NEUTRALIZING ANTIBODY DONORS CONTINUE TO 

PROVIDE CLUES FOR THEIR DEVELOPMENT

Broadly neutralizing antibodies (bNAbs), capable of recognizing diverse viral strains, are 

known to develop in a small proportion of HIV-infected donors [1]. The isolation of 

monoclonal antibodies (mAbs) from such donors has identified viral vulnerabilities spanning 

much of the HIV Env. The recent identification of bNAbs targeting the highly glycosylated 

‘silent face’ extended these further, to cover all major exposed regions of the Env trimer [2].

Defining factors associated with the development of bNAbs continues to generate useful 

information, confirming the link of breadth with ethnicity, viral load, infection length, and 

viral diversity [3] (Table 1) (see Trkola et al. this issue). The latter three reflect the high 

levels of antigenic stimulation required to drive bNAb maturation from strain-specific 

precursors. However, all infected individuals mount neutralizing responses, and the 

magnitude of these ‘tier 2’ responses is not associated with breadth [4■]. Indeed, when 

normalized for viral load, overall Env diversity does not distinguish bNAb and non-bNAb 

donors [5]. In contrast, specific positively selected sites common to multiple bNAb donors 

targeting the same epitopes was temporally associated with the onset of breadth [5]. This is 

consistent with studies showing that bNAb maturation is associated with constrained viral 

escape and fitness costs [6,7]. Together, these factors suggest a need for prolonged exposure 

of maturing antibodies to viral variants [6,7], a finding supported by strategies employing 

slower administration of vaccines [8] (Table 1).

More recently, binding of IgG1 to BG505 SOSIP trimer was shown to be a strong predictor 

of neutralization breadth [9]. In addition, a transcriptomic analysis of bNAb and non-bNAb 

donors implicated expression of RAB11FIP5, a Rab effector protein associated with 

recycling endosomes, and altered natural killer cell function in bNAb development [10■]. 

This suggests that both innate and adaptive components of humoral responses are important 

to support the development of bNAbs, a possibility explored in more detail below.

NOT ALL ANTIBODY MUTATIONS ARE CREATED EQUAL FOR BROADLY 

NEUTRALIZING ANTIBODY DEVELOPMENT

The association of bNAbs with high levels of somatic hypermutation (SHM) is well 

established. However, the availability of many bNAbs has enabled a deeper understanding of 

the specific mutational features associated with breadth. Mutations in the variable regions of 

immunoglobulins, which often interact directly with epitopes, accumulate in response to 

varying viral escape mutations within core epitopes, or to accommodate heterogeneous 
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glycans [11,12] that form part of many bNAb epitopes. In addition, mutations in the 

framework regions are enriched in many bNAbs and likely to have functional relevance. For 

example, mutations in the elbow region of the framework regions have been shown to 

decrease thermostability, impact interdomain flexibility and paratope plasticity during bNAb 

development [13]. In silico simulation of SHM has shown that many functionally important 

bNAb mutations are highly improbable, occurring in activation-induced cytidine deaminase 

(AID) cold spots or requiring multiple nucleotide mutations [14■]. This poses a challenge 

for vaccine regimens, which will need to select these unusual mutations.

THE INFECTING VIRUS OF BROADLY NEUTRALIZING ANTIBODY DONORS 

AS A BASIS FOR IMMUNOGEN DESIGN

Intrinsic viral attributes also impact on the development of bNAbs during infection. A recent 

analysis of the influence of viral antigens in shaping antibody responses, including 

transmission pairs with similar antibody responses, indicated that the infecting virus has a 

significant impact [15■■]. Defining the features of bNAb-imprinting viruses, a concept 

inspired by influenza studies, thus has the potential to contribute to the identification of 

effective immunogens, should these features be identified. One such feature may be the level 

of glycosylation, with a more complete glycan shield associated with better bNAb responses 

[16■]. This suggests that breaches in this shield and exposure of underlying protein epitopes 

represent an immunological distraction from breadth [16■].

SUPERINFECTION AND BROADLY NEUTRALIZING ANTIBODIES: A 

NATURAL TEST OF PRIME-BOOST VACCINATION STRATEGIES

HIV superinfection (re-infection with a second strain following an established infection) has 

been associated with neutralization breadth, though the effect is moderate [17]. These data 

suggested the possibility that superinfection may recruit preexisting nAbs elicited during the 

initial infection, a situation analogous to a heterologous prime boost with distinct Envs. 

However, isolation of diverse mAbs from a superinfection case suggested that neutralization 

breadth was the result of multiple distinct B-cell lineages that arose in response to either the 

initial or the superinfecting virus [18]. Similarly, characterization of the plasma responses of 

four superinfected women in a separate cohort revealed that superinfection did not boost 

memory nAb responses primed by the first infection or promote nAbs to epitopes conserved 

in both infecting viruses, but elicited a de novo response to each virus [4■]. These studies, 

therefore, suggest that infection with two viruses results in an additive rather than synergistic 

effect, and that heterologous Envs may not be sufficient to focus the immune response onto 

conserved bNAb epitopes [4■].

HIV-INFECTED CHILDREN: A SPECIAL CASE FOR BROADLY 

NEUTRALIZING ANTIBODIES?

The contribution of multiple different antibody specificities to breadth is likely also true of 

HIV-infected children. HIV-infected infants rapidly develop cross-reactive responses [19], 

and more recent studies of older children show this group to be enriched for elite 
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neutralizers [20]. This highly selected group of non-progressing/slow-progressing children 

have unusually high viral loads over many years and immunological characteristics such as 

low levels of inflammation, well maintained CD4/CD8 responses and high levels of 

germinal center function [20,21], which may explain their unusually broad and potent 

responses [20]. Mapping studies suggest that breadth in children is mediated by a polyclonal 

response of multiple antibodies to known bNAb epitopes, which act additively to mediate 

breadth [22]. More detailed studies of one pediatric donor enabled the identification of a 

bNAb, BF520.1, that exhibits moderate breadth but lower levels of SHM and insertions/

deletions than those that define many adult bNAbs [23]. The potentially easier pathways to 

breadth [23], also observed in some adults [24], raises the possibility that eliciting a diversity 

of moderately broad antibodies with less unusual genetic features may be a viable alternative 

to the current focus on elite neutralizers.

THE ROLE OF ISOTYPE IN HIV-DIRECTED ANTIBODY RESPONSES

Immunoglobulin isotype is a major modulator of Fc effector function, as described in more 

detail below. However, several studies over many decades have implicated this region in 

neutralization activity and antibody protection against HIV [25–27]. These data indicate that 

it is not only the Fab that dictates the affinity for antigen. However, this paradigm has not 

been adopted routinely into the many studies that are based on antibody isolation. Typically, 

in these studies the antibody variable regions are cloned into an IgG1 backbone, irrespective 

of the isotype of the naturally isolated antibody mAb (indeed, in many cases, this is not 

known). The most common subclass elicited in response to HIV in blood is IgG1; however, 

there are a number of bNAbs that have been isolated as other isotypes. In particular, 

membrane proximal bNAbs, such as 4E10, 10E8 and 2F5 were isolated as IgG3, suggesting 

a possible predisposition of certain classes of antibodies for particular isotypes [28]. In 

addition, new roles for isotype in HIV infection are being reported. This includes a 

previously unknown role for IgG3 in B-cell regulation, resulting in reduced sensitivity to B-

cell stimulation in chronic HIV infection [29] (see Moir et al. this issue). Similarly, although 

previously thought to be antagonistic to IgG function, IgA has been shown to co-operate 

with IgG to enhance ADCC in cell types that express Fc alpha and gamma receptors [30]. 

The finding of new roles for isotypes including the modulation of neutralization, points to a 

need to characterize antibodies in their full natural context.

THE FC RESPONSE DURING INFECTION

The observation that antibody-dependent cellular cytotoxicity (ADCC) was associated with 

decreased risk of infection in the RV144 vaccine trial [31] lead to renewed energy in 

understanding Fc effector function in HIV infection. Not only is there extensive evidence to 

indicate that ADCC delays disease progression but a recent study suggested it may play a 

role in reducing transmission in serodiscordant couples [32]. Evidence from several studies 

shows an association between Fc effector function and HIV control, including functional 

IgG1 p24 antibodies [33] and higher more polyfunctional antibody responses [34,35]. 

Futhermore, the isolation from infected donors of several antibodies that exhibit potent Fc 

effector function, though not neutralization, suggests such antibodies are commonly induced 

[36,37]. This may allow for the development of new strategies that aim to ‘sensitize’ Env to 
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ADCC attack by opening the trimer [38–40]. However, there are several aspects of Fc 

effector function that remain understudied in HIV infection.

WHAT DO CURRENT MEASURES OF ANTIBODY-DEPENDENT CELLULAR 

CYTOTOXICITY MEAN?

Unlike measures of neutralizing activity, which have been heavily standardized, many Fc 

effector function assays lack standardization and in-depth understanding of their 

mechanisms. Measurement of ADCC, in particular, employs several assays, which may 

measure slightly different outcomes [41,42]. Many ADCC assays include HIV envelope 

proteins coated onto target cells through binding to CD4, which exposes sites that would 

typically not be present on envelope trimer and are a major target for ADCC [43]. As a result 

of this, the field is moving towards using infected target cells, not without its own 

complications. During infection, the Nef and Vpu accessory proteins downregulate CD4 

expression, limiting the exposure of CD4-induced HIV-1 Env epitopes [44]. Engineered 

infectious viruses may lack Nef expression resulting in incomplete CD4 downregulation, 

exposing CD4-induced sites and increasing ADCC [45■]. In addition, gp120 shed from 

infected cells binds to other uninfected CD4-expressing cells resulting in bystander killing 

[46]. As gp120 shedding likely occurs in vivo, the significance of this effect is unclear, 

complicating meaningful interpretations of such data. Furthermore, the absence of 

comprehensive studies defining the varying Env structures, and their proportion relative to 

the Env trimer on the surface of infected cells, makes it difficult to define whether CD4i 

responses are biologically important. These assay limitations impact studies of HIV 

infection and vaccination that make use of ‘systems serology’, the simultaneous 

measurement of diverse Fc functions and their modulators (including glycosylation, isotype 

and Fc receptor binding) (see Ackerman et al. this issue) [47]. These assays allow for a 

comprehensive and important overview of humoral activity, but because of their high-

throughput nature often rely on methods based on coating cells assays.

DISCOVERING NEW FC EFFECTOR FUNCTIONS AND EXPANDING 

MECHANISMS

Although ADCC is the most widely studied Fc effector function, it is not the only function 

with a role to play in HIV infection and vaccination. Antibody-dependent cellular 

phagocytosis was recently found to be a correlate of reduced infection risk in rhesus 

macaques immunized with a DNA prime-Ad5 SIV-mac239 Env-based vaccine regimen 

[48■], illustrating its importance in the potential prevention of HIV infection. Interestingly, 

depending on the route of immunization, two different kinds of phagocytosis were 

important, mediated either by monocytes or neutrophils. Neutrophil-mediated phagocytosis 

has only recently explored in HIV infection using HIV-specific antibodies [49,50], and has 

shown distinct phagocytic outcomes to monocytes. This indicates the importance of 

exploring Fc effector functions in a wider variety of cell types than those routinely used.

Another Fc effector function that is largely unexplored in HIV infection is trogocytosis, 

though it has been extensively described in cancer. In the presence of antibody, THP-1 cells 
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(a monocytic cell line) nibbles membrane and accompanying proteins off target cells coated 

with gp120 [51]. Membrane nibbling results in rapid cell death of target cells, suggesting 

that repeated trogocytic attack may be an important tool in vaccination. However, the impact 

of trogocytosis on HIV disease progression is not known. Furthermore, several groups have 

also found a potential role for trogocytosis in various ADCC assays, making it clear that 

further study of this function is needed [41,42]

An unaddressed gap in Fc effector studies during HIV infection is their impact on viral 

escape, which could strengthen studies of their relevance in HIV infection. In an elegant 

humanized mouse study, Horwitz et al. showed that infusion of a nonneutralizing gp41 mAb 

resulted in selection of a viral escape mutation in a Fc-dependent manner [52]. Although one 

study has shown that ADCC exerts pressure on the virus in chronic infection [53], expansion 

of these studies to acute infection is an area that needs further work.

GENETICS OF ANTIBODIES AND THEIR RECEPTORS

A growing area of research in antibody responses to HIV infection is immunoglobulin 

genetic diversity, and its contribution to neutralization and Fc effector function. In HIV-

infected individuals, several HIV-reactive antibody clonotypes that are common to multiple 

individuals, known as ‘public antibodies’, have been described [54]. This is promising for 

vaccine efforts, suggesting that there are common modalities for the induction of a protective 

response across individuals [54]. There have also been exciting developments in 

understanding repertoires common to HIV infection and vaccination. For example, V2-

directed antibodies associated with reduced risk of infection from the RV144 vaccine trial 

have been reported to have restricted light chain gene usage [55]. However, the isolation of 

similar antibodies from HIV-infected individuals revealed an additional light chain gene able 

to mediate such interactions, increasing the repertoire able to produce such antibodies [56].

Although exciting advances are being made in the variable region, large gaps in the constant 

region repertoires remain, especially in African populations [57]. An added complication is 

the historical definition of allotypes based on SNPs that affect serology, but do not capture 

all allelic variation. Although several allotypes have been associated with susceptibility or 

resistance to a variety of diseases [58] and HIV vaccine efficacy [59], little is known about 

allelic variation and its impact on HIV-directed and other antibody responses in different 

populations.

CONCLUSION

Although many studies have characterized the contribution of neutralizing antibodies and Fc 

effector function during infection, the link between the two is less well characterized. Two 

studies have described an association between Fc effector function and the development of 

neutralization breadth. We showed that individuals who developed bNAbs also had highly 

polyfunctional Fc effector function early in infection [60■]. Increased IgG subclass diversity 

was associated with germinal center activity measured both by CXCL13 and activation-

induced cytidine deaminase levels in B cells from these bNAb individuals [60■]. 

Subsequently, Lofano et al. [61■■] confirmed in a second cohort that antibody-dependent 
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complement deposition was higher in bNAb individuals. Furthermore, sialylated gp120 

specific mAbs were also found to be elevated in bNAb individuals [61■■]. The translational 

value of these findings was confirmed following the infusion of sialylated immune 

complexes into mice, where enhanced antigen deposition in germinal centers resulted in 

improved antibody responses in a complement-dependent manner [61■■]. These studies 

provide a mechanistic link between the Fab and the Fc, and provide evidence for a 

supporting role of Fc effector function in the elicitation of bNAbs (Fig. 1). These common 

features could be used to support the development of both functional and potent antibodies 

in response to vaccination.
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KEY POINTS

• Studies of bNAb donors suggest that viral determinants of immunogenicity 

may be valuable for immunogen design.

• Superinfected and pediatric bNAb donors provide unique insights into bNAb 

development.

• Expanded understanding of existing and new Fc functions during HIV 

infection and how to measure them meaningfully.

• Neutralizing and Fc effector responses are mechanistically linked, presenting 

opportunities for generating polyfunctional vaccine responses.

Richardson and Moore Page 12

Curr Opin HIV AIDS. Author manuscript; available in PMC 2020 June 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 1. 
Co-operation between Fab-mediated and Fc-mediated functions. Neutralization breadth is 

driven in part through the action of activation-induced cytidine deaminase (AID) and 

resulting somatic hypermutation. IgG subclass diversity of the Fc is driven by AID and class 

switch recombination, which in turn drives Fc polyfunction. The balance of 

antiinflammatory and pro-inflammatory subclasses, sialylation of antibodies and Fc effector 

function, such as antibody-dependent complement deposition (ADCD) and antibody-

dependent cellular phagocytosis (ADCP) may have a supportive role in the development of 

breadth through the enhancement of antigen presentation and increase in somatic 

hypermutation.
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