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Abstract 
 

A successful HIV-1 vaccine is likely to be comprised of a polyclonal response 

with multiple antiviral functions that generate both broadly neutralizing antibodies 

(bNAbs) that neutralize multiple strains of HIV and/ or functional non-neutralizing 

antibodies that participate in numerous antiviral mechanisms. It is suggested that poly-

/autoreactivity is a feature of bNabs but the interplay of autoimmunity and bNab 

development is unknown. Furthermore the non-neutralizing antibody specificities and 

functions are unknown for generating a potentially protective anti-HIV response. 

Understanding the development of rare neutralizing antibodies and the specificity and 

effector functions of non-neutralizing antibodies is critical for generating a preventative 

HIV vaccine. This thesis focuses on 1) the development of broadly neutralizing 

antibodies; specifically those that are present in both the face of autoimmunity when 

both self-antigen and HIV-1 is a determinant in disease outcome and 2) the mechanisms 

of non-neutralizing antibodies in mediating protection against HIV-1.  

In the first part of this thesis, I chart the evolution of an HIV-1 antibody lineage 

that has reactivity to self antigen. One HIV-1 broadly neutralizing antibody targeting the 

membrane proximal external region, 2F5, shares sequence identity with the human self-

antigen kynureninase, (KYNU).  We previously reported that an HIV-1 chronically 
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infected patient had both evidence of antibodies targeting self-proteins and circulating 

2F5-like antibodies in serum. Whether development of 2F5-like antibodies to a self-

antigen can lead to a broadly neutralizing antibody response or whether reactivity to 

self-antigen is a requirement for the neutralization breadth of 2F5-like antibodies has 

been a question in the HIV vaccine community. Evolution of 2F5 mAb-like antibody 

neutralization breadth and autoreactivity has not been previously demonstrated due to 

the scarcity of this specificity of antibody found circulating in HIV-1 infected 

individuals. In this study, I found that an unmutated common ancestor derived from a 

isolated mAb from this patient did not bind KYNU but more mature antibodies in the 

constructed antibody lineage developed reactivity to KYNU and other self-antigens due 

to an accumulation of antibody VH mutations. At the same time, the accumulation of 

mutations in the m66 lineage VH resulted in decreased 2F5 mAb binding affinity and 

virus neutralization potency, consistent with host mechanisms that limit antibody 

autoreactivity by placing constraints on affinity maturation.  This work highlights the 

complex maturation pathways involving autoantigen reactivity in the development of 

broadly neutralizing antibodies.   

The second part of the study centers on non-neutralizing antibody functions in 

defense against HIV-1. Elucidation of antibody effector functions responsible for 

protective immunity against HIV-1 acquisition is a major goal for the HIV-1 vaccine 
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field. Immunoglobulin A (IgA) is an important part of the host defense against 

pathogens; however, little is known about the role of vaccine-elicited IgA and their 

capacity to mediate antiviral functions. To identify the antiviral functions of HIV-1-

specific IgA elicited by vaccination, we cloned HIV-1 envelope specific IgA monoclonal 

antibodies by memory B cell cultures from peripheral blood mononuclear cells from a 

vaccinee from the only partially efficacious HIV vaccine regimen to date, RV144. We 

produced two IgA clonal cell lines (HG129 and HG130) producing native, non-

recombinant IgA monoclonal antibodies (mAbs). HG129 is crossreactive and binds the 

variable loop (V3) of the HIV envelope; HG130 is a conformational gp120 antibody that 

interacts with the CD4 binding site.   HG129 and HG130 mAbs mediated phagocytosis 

of HIV infectious virions and HIV antigen-coated beads respectively, and HG129 

blocked HIV-1 Env glycoprotein binding to galactosylceramide, an alternative HIV-1 

receptor. These findings elucidate potential antiviral functions of vaccine-elicited HIV-1 

envelope specific IgA that may act to block HIV-1 acquisition at the portal of entry by 

preventing HIV-1 binding to galactosylceramide and mediating antibody Fc receptor 

mediated virion phagocytosis.  Furthermore, these findings highlight the complex and 

diverse interactions of vaccine-elicited IgA with pathogens that depend on IgA fine 

specificity and form (e.g. multimeric, monomeric) in the systemic circulation and 

mucosal compartments. 
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 The results of this work demonstrate that whether an antibody is broadly 

neutralizing or non-broadly neutralizing, it is the fine specificity to the HIV-1 envelope 

that is crucial for its functional activity. The functional activity is dependent on antibody 

specificity and isotype due to engagement of effector cells at mucosal sites. The 

production of potentially protective antibody envelope specificities, antibody isotypes, 

and functions should be considered in the immunogen design for the development of 

safe and effective vaccine approaches. 
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1. Introduction  
Today, more than ever, we are beginning to understand the molecular and 

cellular basis by which a vaccine or infection leads to protective immunity in humans. 

This involves a complex system of cells and soluble compounds that have evolved to 

protect us against an enormous range of invaders of all shapes, sizes, and chemical 

structures. At the beginning of this chapter, I will briefly discuss the range of organisms 

that challenge the immune system, and the immune mechanisms of protection by the 

host. Then I will discuss HIV infection and the protective immunity in HIV vaccine 

trials. Current HIV vaccine efforts focus on the development of rare broadly neutralizing 

antibodies and the potentially protective functions of non-neutralizing antibodies which 

are the topics for discussion in this thesis (Figure 1). 

1.1 Protective Immune Response to Human Pathogens 

When an individual first encounters an infectious agent, the initial defense 

against infection are the physical and chemical barriers including the skin, tears, mucus, 

and stomach acid (5). If these barriers are overcome and evaded, other components of 

the immune system come into play. The complements system of blood proteins react 

with one another to opsonize pathogens for destruction by phagocytes, and phagocytic 

white blood cells, such as macrophages and neutrophils of the innate immune system, 

can ingest and kill microbes by producing toxic chemicals and powerful enzymes (6).  
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For an HIV antibody-based vaccine approach, the ultimate goal is to generate 
broadly neutralizing antibodies (bnAbs). However, bnAbs have not yet been 
achieved by HIV vaccine efforts but they have been induced by natural infection. The 
next approach to an antibody based vaccine is to generate binding antibodies/non-
neutralizing antibodies that engage effector cells in killing of the virus. The topics 
discussed are 1) the development of broadly neutralizing antibodies in a HIV-1 
infected patient with evidence of autoimmune antibody responses and 2) the 
mechanisms of potential protection by non-neutralizing IgA antibodies in the 
plasma/sera of an HIV vaccinee. Red numbers indicate the location of these topics in 
the introduction and chapters. 

Figure 1: Schematic of thesis outline for HIV-1 vaccine antibody 
induction.  
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Innate immunity is an ancient system since even the most simple of organisms 

have an innate immunity (7, 8). For example, the macrophages of humans and other 

vertebrates are presumed to be direct evolutionary descendants of the phagocytic cells 

present in simpler animals (7, 8). 

Innate immune responses occur at the onset of exposure to an infectious 

organism. In contrast, responses by the adaptive immune system may take days rather 

than hours to develop. However, the adaptive immune system eliminates infections 

more efficiently because of the specific recognition functions of lymphocytes. The 

billions of lymphocytes present in the body collectively possess a vast repertoire of 

antigen receptors, which enables the immune system to recognize and respond to 

virtually any antigen. Due to the array of responses, the adaptive immunity can more 

effectively focus its resources as the second line of defense from pathogens that have 

evaded or overwhelmed innate immunity. Antibodies and activated lymphocytes 

produced by an adaptive immune response can also persist after the original infection 

has been eliminated. They help to prevent immediate reinfection and also provide for 

long-lasting immunity, allowing a faster and more intense response to a second 

exposure when it occurs many years later. The best example of the long lasting memory 

of the immune system is in the survivors of the 1918 influenza pandemic who have B 

cells that produce neutralizing antibodies against the virus decades later (9, 10).  
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1.2 Immune Response to HIV 

Most HIV-1 infections occur by sexual exposure through the genital or rectal 

tract, although HIV is also transmitted by infected needles from intravenous drug users. 

The ensuing immune response to the virus involving macrophages, dendritic cells, NK 

cells, B cells and T cells, and how HIV subverts this response to establish a chronic 

infection will be discussed in sections 1.2.1- 1.2.3. 

1.2.1 Innate Immune Response 

When HIV crosses the mucosal barrier, especially through small mucosal lesions 

that occur during sexual intercourse, it is the macrophages, dendritic cells (DC) and 

CD4+/CCR5+ memory T cells (although not part of the innate response) patrolling the 

mucosal surface that are the first immune cells facing the virus (11).  

Macrophages. There is a broad consensus that macrophages resist HIV-1 

infection much better than CD4+ T cells, but nonetheless HIV infects macrophages by 

binding to CCR5 (12). There is evidence that vaginal macrophages are productively 

infected during sexual transmission of HIV-1 (13). However, these tissue-associated 

macrophages stay at the mucosal surface and therefore probably do not transport HIV-1 

to secondary lymphoid organs. Instead they recruit CD4+ T cells and contribute to the 

establishment of infection at sites of viral entry, i.e. the mucosal barrier (14, 15).  
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On the other hand, macrophages are involved in the adaptive cellular and 

humoral response, which finally helps to eliminate the virus. Antibodies can mediate 

antibody dependent cellular cytotoxicity (ADCC), antibody-dependent cellular viral 

inhibition (ADCVI), and phagocytosis by interacting with the Fc portion of receptors 

expressed on the surface of macrophages and natural killer cells (16-18). 

Dendritic cells (DCs). Similar to macrophages, there is evidence of both 

protective and dysfunctional anti-HIV responses by DCs. Dendritic cells are described as 

“Nature’s adjuvant” because they sense microbes, secrete anti-viral cytokines, present 

antigens (APC), and give instructions to T cells through soluble and cells associated 

molecules- all of which are unique traits for HIV vaccine design. However, the same 

interactions with CD4+ T cells that make them unique antiviral mediators are hijacked 

by HIV to spread and infect new target cells.  

DCs express high levels of the HIV entry co-receptors CCR5 and CXCR4, and 

low levels of the CD4 receptor, allowing for HIV virion gp120 attachment (19). When 

DCs mature CCR5 is downregulated and CXCR4 is upregulated. While CD4, CXCR4, 

and CCR5 are the primary receptors for HIV, there are other DC subsets that are 

considered alternative HIV receptors since they can bind the gp120 envelope(20) (ex.  C-

type lectin receptor DC-Immunoreceptor (DCIR)(21), and heparin sulfate proteoglycan 

Syndecan (22).   
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The events after HIV virions attach dendritic cells depends on the DC subtype, 

its stage in development, and interaction with other cells. HIV binding to the specific 

intercellular adhesion molecule-grabbing nonintegrin (DC-SIGN) does not lead to the 

full degradation of virions, but retention in early endosomes, which Geijtenbeek et al 

report allow for virion delivery into uninfected T cells (23). In contrast, Langerin-

mediated uptake by epidermal Langerhans cells sends virions to low pH compartments 

where the virus is degraded (24).  

Natural killer (NK) cells. NK cells have the unique position of bridging the gap 

between the innate and adaptive immunity. Antibody dependent cellular cytotoxicity is 

well characterized as a potent means of NK cell control of HIV-1 infection via non-

neutralizing antibodies as a pathway to protective vaccine responses (25). These ADCC 

responses are associated with specific immunoglobulin subclasses (26) where HIV 

specific IgG1 and IgG3 mediated activity. Also certain antibody glycan modifications 

enhanced binding to FcγRIIIA and ADCC activity, independent of the specificity of the 

mAb (27).  

Apart from the involvement in ADCC, activating and inhibitory Killer 

Immunoglobulin Receptors (KIR) have a role in determining NK cell function in HIV 

outcome (28). Interactions between KIRs and their cognate HLA ligands set a threshold 
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for NK activity and have been associated with the pace of disease progression (29, 30) 

and protection against disease acquisition (31, 32). 

In HIV-1 infected patients, different NK cell activation markers have been tested 

to determine their activity in patients. Lictfuss et al report that there is no correlation 

between NK cell activation and disease progression(33) while other groups report that 

the levels of expression of CD38 and HLA-DR on CD56dim NK cells correlate with high 

viremia, low CD4+ T cell count, and progression to AIDS(34).  

1.2.2 Cellular immune response 

A vaccine that stimulates HIV-1 specific CD8+ T cell responses is a possible 

alternative to vaccines that would potentially produce broadly neutralizing antibodies. 

During natural HIV infection, cytotoxic T Lymphocytes, CTL, control viral load but do 

not eliminate viral load (18). However in rhesus macaques non human primates, 

vaccines that stimulate CTL better control simian immunodeficiency virus (SIV) or the 

human- simian hybrid virus (SHIV) after virus challenge compared to control of viremia 

during the course of natural infection (35). However, in the 2004 human HIV vaccine 

trial, STEP, containing a recombinant adenovirus 5 designed to stimulate CTLs specific 

for gag, pol, and nef, there was no improvement in the control of HIV-1. In fact, there was 

increased acquisition of HIV-1 in participant receiving the vaccine compared to the 

placebo and the trial was stopped early.  
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In 2013, studies by Picker et al (36, 37) revived the notion for a protective vaccine 

inducing HIV-1 specific CD8+ T cells. The authors used a rhesus cytomegalovirus vector 

containing recombinant SIV genes as the immunogen (RhCMV68.1) and found that the 

vaccine elicited a strong effector memory CTL response in the vaccinated rhesus 

macaques (36, 37). After challenge with SIVmac239, all vaccinated animals were 

infected, but 50% cleared virus after the peak viremia. This effect was mediated by CD8+ 

T cells which has a broad response to about 100 epitopes. Interestingly, the vaccinated 

animals did not produce SIV specific antibodies. Later analysis showed that the CD8+ T 

cells responsible for the cleared virus were unusual because two-thirds were restricted 

by MHC class II and one third by non-classical MHC-E (36, 37). It is possible that these 

non-classical CD8 T cells responses were essential for the protection. The RhCMV68.1 

vaccine may have been protective because of the breadth of the T cell responses that 

prevented SIV from escaping (36, 37). Work is ongoing to evaluate the cellular and 

innate signature responsible for protection in this non-human primate model. 

1.2.3 Humoral immune response 

Antibodies that neutralize autologous virus appear about 12 weeks after HIV-1 

transmission (38-40). Antibodies that neutralize heterologous virus arise in about 20% of 

patients years after infection (39, 41, 42). The early acute phase of HIV-1 infection is 

marked by detection of p24 protein, viral RNA and the antibody responses to the 
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proteins from the env, gag, and pol genes. The first HIV-1 envelope antibodies are anti-

gp41 IgM/IgG antibodies, IgG antibodies to Gag appear after about 18 days and 

antibodies to the matrix protein p17 appear around 33 days. Antibodies to p31 

(integrase) are elicited around 53 days. Antibodies directed to the HIV-1 Env begin with 

gp41 IgM, followed by class-switching to IgA and IgG. However, in some patients, there 

is simultaneous class switching which may be from a pre-existing crossreactive exposure 

to the microbiome. 

Effector functions of antibodies can depend on the interaction of antibodies with 

Fc receptors that are present on B cells, NK cells, dendritic cells, neutrophils, and 

monocytes/macrophages (43). ADCC occurs when HIV-1-specific antibodies, 

predominately of IgG1 and IgG3 isotype, recognize and bind HIV antigens present on 

the surface of CD4 T cells. Antibody mediated internalization of infectious virions is an 

Fc function where Env IgG3 of multiple specificities mediated increased infectious 

virion internalization over Env IgG1 of the same specificity(44). These findings on both 

neutralizing and non-neutralizing antibodies and their specificities have important 

implications for harnessing antibody effector functions for HIV-1 vaccine design. 

 1.3 Protective immunity in HIV clinical trials 

With the results of HIV-1 vaccine trials to date, we’ve learned that induction of 

both humoral and cell-mediated immune responses are important to combat HIV-1 in 
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the periphery and at the mucosal portals of entry (45). The first candidate HIV- vaccine 

trial opened in 1987 at the National Institutes of Health (NIH) Clinical Center in 

Bethesda, Maryland, and since then, there have been dozens of clinical trials conducted. 

However only 6 of these trials progressed to phase IIb/III efficacy trials (Table 1).  

The Vax003 and Vax004 trials evaluated the efficacy of recombinant HIV-1 gp120 

proteins. These vaccine candidates were safe in chimpanzees and protected chimpanzees 

from HIV-1 infection (46, 47), but the strains used were highly sensitive lab adapted 

viruses and not representative of primary or clinical isolates (46, 47). This may have 

contributed to the failure in efficacy (48, 49). Nonetheless, VAX003 and VAX004 

provided insights into vaccine-elicited immune responses and the hurdles to overcome 

for future vaccine studies. In Vax004, higher neutralizing antibody responses to easy to 

neutralize virus MN, correlated with a decreased risk of infection.. There were low 

levels of antibodies against viruses that were more difficult to neutralize suggesting that 

the antibody response by the vaccine was not sufficient for protection (50). Forthal et al 

reported that antibody-dependent cellular virus inhibition (ADCVI) correlated with 

lower HIV-1 infection rate (51). Other studies by Forthal et al suggest that host genetics 

had a role in the outcome of VAX003 and VAX004, where the vaccine may have 

increased acquisition of HIV-1 infection in low-risk populations with the FcγIII 

genotype (52). Discussed in a review by Excler at al (53). 
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Table 1: HIV Vaccine Efficacy Trials 

Trial Vaccine Location Result 

VAX004 Bivalent Clade B gp120 in 
Alum 

U.S., Europe No efficacy 

VAX003 Bivalent CRF_01AE/B 
gp120 in Alum 

Thailand No efficacy 

HVTN 502 
(step) 

Adenovirus type 5 Clade B 
gag/pol/nef 

U.S. No efficacy; increased 
Infection in vaccinees 

HVTN 503 
(Phambili) 

Adenovirus type 5 Clade B 
gag/pol/nef 

South Africa No efficacy; increased 
Infection in male 
vaccinees 

RV144 ALVAC with gag/pro/Env; 
Bivalent CRF_01AE/B 
gp120s in Alum 

Thailand Estimated 31.2% vaccine 
efficacy at 42 months; 12 
month efficacy, 60% 

HVTN 505 DNAs with Clade B 
gag/pol/nef And DNAs 
with Clade A, B, C Envs 
Adenovirus type 5 with 
gag/pol and Clades A, B, 
and C Envs 

U.S. No efficacy 

 

Vaccine components, location, and results for six HIV-1 vaccine efficacy trials. 
The STEP and Phambili trials tested the same vaccine regimen, but in different 
geographical areas. Adapted from Haynes et al, 2015 (4). Reproduced with 
permission for the purpose of this thesis from Current Opinions in Immunology. 
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The next trials were the STEP trial (HVTN502) (54) and the Phambili (HVTN503) 

(55) studies which used a recombinant adenovirus serotype 5 (Ad5) encoding the HIV-1 

gag, pol, and nef genes and were the first human efficacy trials of a T-cell-based HIV-1 

vaccine (54). The STEP trial was stopped after approximately 2 years, because the 

interim analysis showed that vaccinees had an increased risk of infection compared to 

the placebo (54). Because of these results, the Phambili trial was stopped early as well. 

Duerr et al later reported that the enhanced risk of infection was due to a prior Ad5 

antibody response or the circumcision status of the vaccinees (56).  

More recently, the HVTN 505 which included a DNA prime followed by an Ad5 

boost, was also stopped two years prior to the expected end date. The interim analysis 

showed no efficacy and no statistically significant effect on viral load as well as a non-

significant increase in the number of HIV infections among vaccine recipients compared 

to the placebo group (53, 57, 58). However more recently published work demonstrates 

likely efficacy in subgroups. Among the 40 vaccine recipients who remained HIV-1 

uninfected, 100% generated IgG-binding antibodies to the vaccine strain evelopes, and 

62% and 64% generated HIV-specific CD4+ and CD8+ T cell responses(59). Our 

laboratory observed that envelope IgG responses in HVTN 505 vaccines were 

significantly correlated with decreased HIV-1 risk(60). A sieve analysis was conducted 

by deCamp et al comparing the genetic sequences of vaccine recipients versus placebo 
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recipients showed that there were lower env gp120 intra-host diversity and greater 

divergence from the subtype B Env-gp120 vaccine insert in vaccine recipients compared 

to placebo recipients(61). Overall this means that the correlates of protection observed in 

some groups of the HVTN 505 trial was balanced by the increased risk of acquisition in 

other groups. Understanding the contribution of individual host responses to the 

vaccine, and genetics may give insights into making a vaccine efficacious for all 

recipients. 

RV144, a prime-boost regimen combining a canarypox ALVAC-HIV DNA prime, 

together with the AIDSVAX B/E bivalent gp120 protein boost), is the only HIV-1 vaccine 

efficacy trial to date that has demonstrated vaccine efficacy, with a modest level of 

protection of 31% (62). This vaccine elicited both a humoral and cellular CD4+ T cell 

response (63). A case-control analysis which compared the immune response in 

uninfected vaccinees, showed that IgG antibodies to the V1/V2 region of HIV-1 gp120 

correlated with decreased risk of infection while specific IgA antibodies to the envelope 

correlated with decreased vaccine efficacy(25, 64, 65). Follow-up case control studies 

reported that CD4+ T cell polyfunctionality correlated with decreased risk of infection 

(66). 

 At the conclusion of the RV144 trial, a sieve analysis was conducted to compare 

the genetic sequences of viruses isolated from vaccine versus placebo participants to 
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characterize the functional specificities of vaccine-induced immune responses(67). 

Monoclonal antibodies generated from RV144 vaccine recipients targeted the K169 

residue causing a breakthrough virus that differed between vaccine and placebo groups. 

These V2-specific antibodies mediate ADCC, neutralization and low-level virus capture 

(68, 69). Furthermore, V2-specific IgG antibodies potentially block the gp120-α4β7 

interaction, which is of importance because in vivo treatment with an antibody to the 

gut-homing integrin α4β7 was shown to reduce viral transmission, delay disease 

progression, and induce persistent virus control in macaques challenged with simian 

immunodeficiency virus (SIV)(70) (71, 72). 

In RV144, the presence of low vaccine-elicited IgA responses correlated with 

decreased risk of infection (25). ADCC responses were predominantly directed to the C1 

conformational region of gp120 but also V3 specificities were present (73). One 

hypothesis for the decreased vaccine efficacy by HIV specific IgA is that C1 region Env-

specific IgA could block C1-specific IgG effector function due to their ability to bind to 

different Fc receptors on effector cells (73).  Studies by Tomaras at al showed that IgA 

antibodies elicited by RV144 could block C1 region-specific IgG in NK cell-mediated 

ADCC (64). These studies suggest that non-neutralizing antibody functions may play a 

role in mediating potential protection in vaccine candidates.  
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1.4 Antibody-mediated Immunity to HIV  

There are 36.7 million people living with HIV in 2016 (74). However, 33 years 

after identifying HIV-1 as the cause of AIDS, an effective vaccine has not been 

discovered. The difficulty in producing an effective HIV vaccine lies in part, to the 

infidelity of the HIV-1 reverse transcriptase, which generates vast genetic diversity of 

the lentivirus (75). The human immune system generates antibodies against HIV but 

often times these antibodies are generated only after the virus takes control. Therefore 

an effective HIV vaccine would generate broadly neutralizing antibodies before 

encountering the virus. But what happens to the development of antibodies when an 

individual is HIV infected and has autoimmune antibody responses? In sections 1.4.2.1- 

1.4.2.2, I will highlight key studies on broadly neutralizing antibodies then discuss a 

special epitope on the HIV envelope that is difficult to generate antibodies due to its 

sequence homology to self-antigens. 

1.4.1 Broadly neutralizing antibodies  

HIV vaccine candidates have not been able to generate broadly neutralizing 

antibodies (bnAbs), but we have learned that bnAbs do develop over years in a subset of 

HIV-infected subjects (55, 76-79). There are five main targets for bnAbs on the HIV 

envelope (Figure 2). One of the bnAb targets is in the gp41 subunit, the membrane 

proximal external region, and the other four are within the gp120 subunit: the CD4- 
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Figure 2: Vulnerability sites on HIV envelope for broadly neutralizing 
antibodies. 

Five sites on the HIV env are well described targets for bnAbs. These antibodies 
bind the V1/V2 apex, the V3 high mannose patch, the CD4 binding site, the gp120-gp41 
interface, and the membrane proximal external region (MPER). Modified from Doria-
Rose et al, 2016 (3). Reproduced with permission for the purpose of this thesis from 
Immunity. 
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binding site, the V1/V2 variable loop, the glycan rich V3 loop, and the gp120/gp41 

interface. Despite their different binding sites on the envelope, the bnAbs isolated to 

date have at least one of the following traits: 1) polyreactivity and autoreactivity, 2) long 

hydrophobic heavy chain complementarity determining regions (HCDR3), and 3) high 

levels of somatic hypermutations (SHM) with insertion or deletions (indels). These three 

features of bnAbs likely make them protective by allowing them to overcome structural 

barriers in the HIV envelope. Long HCDR3s likely play a role in accessing epitopes that 

are occluded by glycans in the envelope glycan shield (80, 81), polyreactivity may allow 

for better access to epitopes hidden by lipids (82), and high SHM may provide structural 

flexibility in the binding epitopes of the constantly evolving virus envelope (83, 84). 

1.4.1.1 Immunogen design 

The only viral protein on the HIV virion surface, the envelope glycoprotein (Env) 

is a homotrimer with each monomer of the trimer containing a non-covalently linked 

gp120 and gp41. Gp120 contains a CD4 binding site that engages the host cell surface 

receptor CD4, resulting in a gp120 conformational change that enables further binding 

to the co-receptors CCR5 on monocytes or CXCR4 on T cells (85, 86). The associated 

gp41 undergoes rearrangements to mediate fusion of the viral and host membranes, 

allowing viral entry. Due to the functional importance of these antibodies in engaging 

CD4 and mediating fusion, several epitopes including the CD4 binding site on gp120 
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and the membrane proximal external region (MPER) on gp41 are highly conserved and 

promising sites for neutralization for vaccine candidates. 

Eliciting immune responses to these conserved structures is a challenge because 

the vulnerable sites are either heavily shielded by variable loops and glycans that 

account for >50% of the envelope molecular weight, or are transiently exposed and have 

some steric hindrance for antibody binding. Earlier studies from Burton et al, and 

Muster et al, have identified broadly neutralizing antibodies in chronically infected 

patients targeting CD4 and MPER respectively, providing hope for an HIV vaccine(85, 

87, 88). 

1.4.2 Autoimmunity and antibody maturation 

Broadly neutralizing antibodies have several unusual features, including 

recognition of self-proteins (89). B cells with self-reactive antibodies are typically 

eliminated while they are still developing in the bone marrow during the process of 

central tolerance (90). Self-reactive B cells that escape central tolerance and enter the 

circulation are generally suppressed so that they cannot mature into plasma cells during 

the process of peripheral tolerance (90). These tolerance controls prevent plasma cell 

secretion of large amounts of the self-reactive antibody. 

But what is the fate of B cells when immune tolerance mechanisms are breached 

in autoimmunity and comorbidity of the natural immune response to HIV infection? The 
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definitive answer for this question is unknown and would likely depend on a number of 

factors including whether the patient developed autoimmunity before or after HIV 

infection. It is known that the clinical manifestations of HIV can mimic autoimmune 

phenomena such as rash, fevers, lymphadenopathy (swollen lymph nodes), rash, renal 

dysfunction, and neurological disorders (reviewed in (91)). 

It is unknown definitively whether the demonstration of autoimmunity in HIV 

positive patients has a bearing on the course of the disease or prognosis. HIV and 

systemic lupus erythematosus (SLE) have only rarely been reported to occur 

concurrently(92) but this may be due to under-reporting because the clinical 

manifestation of the two diseases are similar and one of the co-morbidities may be 

underdiagnosed. Fox et al report a case of a lupus patient who was infected with HIV 

while on treatment. The patients sera was stored allowing for the precise timing of HIV 

seroconversion. The authors observed clinical improvements and the disappearance of 

autoantibodies following seroconversion. The patients medications consist of 

prednisolone and hydroxychloroquinone (both lupus medications)(93). With the clinical 

diagnosis of HIV and autoimmune disease, the issue remains on whether to start 

immunosuppressant medications under the presumption of autoimmune disease in a 

patient with advanced HIV (91). 
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1.4.2.1 MPER directed broadly neutralizing antibodies 

It is hypothesized that immune tolerance mechanisms disfavor the production of 

bnAbs, particularly those mAbs that bind the membrane proximal external region 

(MPER). This is supported by initial findings by Haynes et. al. that MPER mabs 2F5, and 

4E10 avidly bound to human antigens (89). The 2F5 bNab has reactivity to lipids and 

binds to the ELDKWA amino acid motif of gp41 and the tryptophan catabolite 

kyrureninase (KYNU) (94). Verkozcy et al, demonstrated that 2F5 bnAb VDJ knockin 

mice have a 95% deletion of maturing B cells in the bone marrow, and most of the B cells 

in the periphery are anergic (95). Double KI mice that express the unmutated common 

ancestor (UCA) heavy and light chain of 2F5 (UCA 2F5 KI) have an even more severe 

deletion of developing B cells during central tolerance, and peripheral anergy(96).  

Immunization of 2F5 bnAb KI mice with MPER peptide liposomes (mimic MPER 

epitope on virions) with TLR4 agaonist results in the reversal of peripheral B cell anergy, 

allowing for the production of 2F5 in 2F5 KI mice(96). Immunization of rhesus macaques 

with MPER peptide-liposomes resulted in B cells that express 2F5 VDJ, but disappeared 

after additional immunizations. The immunized rhesus macaques had KYNU specific 

antibody responses that were MPER reactive (97). These antibodies however were 

limited in their neutralization potency because they reached a ceiling of affinity 
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maturation as a result of loss of lipid insertion potential, and reduced neutralization 

breadth (97).  

 The uniqueness of MPER targeting antibodies comes into play when considering 

the number of spikes per HIV virion. In contrast to the influenza A virion which 

contains approximately 450 spikes per virion(98), and is similarly sized to HIV, the HIV 

virion contains only 14 spikes per virion (99-101). The envelope proteins are therefore 

few and far between(101). This low density of envelope trimers could hinder antibody 

potency but can be counteracted by antibodies with polyreactivity such as those that 

target MPER(101). In the process of heteroligation, polyreactive antibodies can recognize 

and bind the HIV envelope with one Fab arm, while non-specifically making contact 

with other membrane components to increase apparent affinity and neutralization(102, 

103). 

The lipid reactivity of MPER directed antibodies 2F5 and 4E10 is critical for 

effective membrane neutralization(104). The hydrophobic HCDR3 of 2F5 and 4E10 

makes contact with the MPER epitope, while the remainder binds lipid(104). These 

antibodies participate in a two-step binding process different from other bNabs. In the 

first step, termed the encounter, the antibody attaches reversibly to the viral membrane. 

This allows for the final docking step where the antibody captures the triggered, 

transient form of gp41 induced by receptor binding(82, 104, 105). 
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It is difficult for HIV infected individuals to develop antibodies directed to 

MPER because their production is suppressed by some of the mechanisms that prevent 

the body from generating self-reactive antibodies that could target healthy tissues and 

cause autoimmune diseases such as systemic lupus erythematosus (SLE). It has been 

reported that patients with SLE have lower rates of HIV infection (93). One hypothesis is 

that these individuals produce self-reactive antibodies that can also recognize and 

neutralize HIV-1 (89).  

Bonsignori and colleagues identified an HIV infected individual with SLE 

comorbidities (CH5329) with neutralizing antibody breath. The team isolated CD4bs 

bnAb CH98 that effectively neutralized HIV-1, was polyreactive and autoreactive with 

affinity for dsDNA. The donor was able to control viral load without antiretroviral 

therapy(106). This is probably due to production of bnAbs with dsDNA-reactivity which 

has been well characterized in tolerance breakdown and SLE(107). These protective 

responses have not been found in human subjects with normal tolerance control 

suggesting that protective responses by MPER directed antibodies is controlled by 

immune tolerance(108).  

Whether reactivity to an autoantigen corresponded with avidity maturation and 

HIV-1 neutralization breadth in MPER directed antibodies (particularly 2F5-like 

antibodies) is unknown. Addressing this question will provide some insight on the 
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constraints that autoreactivity could impose on the development of broadly neutralizing 

antibodies in humans. I explore this question in Chapter 3: “Evolution of a Neutralizing 

Antibody Lineage with Autoreactivity in an HIV-1 Infected Individual with 2F5 mAb-

like neutralizing antibodies”. 

1.4.3 Non-broadly neutralizing antibodies 

Apart from direct pathogen capture and neutralization by antibodies, there are 

non-neutralizing antibody functions that engage innate immune cells as effectors to clear 

infected host cells, immune complexes, and opsonized virus (109). Recent studies show 

that non-broadly neutralizing antibodies can be protective in vivo through antibody Fc 

interactions with FcR (110). These Fc-mediated non-broadly neutralizing functions are 

antibody-dependent cell cytoxicity (ADCC), and antibody-dependent phagocytosis 

(ADCP). In addition, there are other antibody functions that block binding to alternative 

HIV receptors (i.e.  blocking galactosylceramide binding); an essential function as HIV 

exploits alternative co-receptors to confer wide tropism.  

1.4.3.1 Non-neutralizing antibody functions 

Recent data highlight that in established infection, inhibition of HIV-1 replication 

may not be only directed by antibody neutralization, but also Fc-medicated antibody 

functions (reviewed in(43)). The immune correlates analysis of the RV144 Thailand 

vaccine trial demonstrated that V1/V2 antibodies correlated with decreased risk of 
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infection, and these antibodies mediated multiple antiviral functions such as ADCC, 

virion capture, and neutralization. In RV144, the FcγR2C polymorphism was associated 

with decreased HIV risk, thus providing evidence that Fc-receptor mediated functions 

are critical in HIV-1 protection (111). Furthermore, there was a lack of strong Fc-

mediated antibody function in other HIV-1 vaccine trials that showed no efficacy (112, 

113). In the context of non-human primates, non-neutralizing antibody functions 

correlated with protection against acquisition of HIV (114-116). Taking the results from 

both human, and non-human primate HIV-1 vaccine studies, non-broadly neutralizing 

responses are achievable and potentially protective. 

1.4.3.1.1 Antibody-dependent cellular phagocytosis 

Antibodies protect against viruses and bacteria that multiply outside of cells by 

facilitating the uptake of the pathogen by phagocytes. Coating of the surface of the 

pathogen to enhance phagocytosis is called opsonization. Antibody dependent cellular 

phagocytosis uses phagocytes to internalize and degrade antibody opsonized 

pathogens. It is an immune process whereby antibodies coated to pathogens via their 

Fab domain bind with their Fc domain; the Fc domain bound to the Fc receptor 

expressed on monocytes, macrophages, and neutrophils results in rapid elimination of 

pathogens. For HIV, phagocytosis of immune complexes via the Fc domain of the 

neutralizing antibodies is associated with protection in rhesus macaques (114, 115, 117). 
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Antibodies from human controllers and untreated progressors exhibited increased 

phagocytic activity, with preferential affinity to FcγR2a (118). 

In the RV144 vaccine trial, V1/V2 directed IgG3 antibodies correlated with 

decreased risk of HIV-1 infection(119). These IgG3 antibodies were associated with Fc 

mediated antiviral activities of ADCC (119) and phagocytosis (26).  Tay et. al., 

demonstrated that antibodies with different paratopes, isotypes, and subclasses 

differentially mediated HIV-1 virion internalization using fluorescently labelled HIV-1 

virions and antigen coated beads. Env IgG3 mediated the greatest virion internalization 

possibly due to its longer hinge region, followed by IgG1, IgA1, and IgA2 (44). 

1.4.3.1.2 Antibody-dependent cellular cytotoxicity 

The first evidence of antibody-dependent cellular cytotoxicity in HIV infected 

patients was reported in 1987 when CD4 T cells bound to HIV-1 envelope gp120 was 

reported to be sensitive to lysis by PBMC’s from HIV-1 infected patients (120). ADCC is 

mediated mostly be natural killer cells, and requires aggregation of HIV antigen on the 

surface of cells, although CD16+ cells such as monocytes and neutrophils also mediate 

killing of HIV infected cells by ADCC (121-123). NK cells and CD16+ cells are activated 

when HIV-specific antibodies that bind to both the HIV antigen and the FcγIIIa (CD16) 

(122).  
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The modest but significant efficacy of the RV144 Thailand trial has brought to 

light the importance of ADCC in HIV infection and vaccination. Antibodies against the 

C1 and V1/V2 regions of the envelope correlated inversely with risk of HIV infection 

(25). Furthermore, IgA antibodies elicited by RV144 blocked the ADCC activity of 

vaccine-induced IgG resulting in lowered ADCC activity(25). High serum IgG but low 

IgA was associated with reduced risk of infection(64).  

Yates et al, showed that V1/V2 specific IgG3 correlated with decreased risk of 

infection in RV144 although this response was short lived (119). Chung et al, also 

showed that RV144 produced a robust HIV IgG3 response suggesting that in addition to 

antigen specificity, antibody subclass is an important measure that distinguishes vaccine 

regimens (26). Apart from vaccination, Lambotte et al, showed that elite controllers have 

high ADCC responses (124, 125).  

Many studies suggest that ADCC mediating antibodies play a role in protecting 

macaques against SIV and SHIV. Antibodies against conformational epitopes have been 

shown to mediate ADCC in macaques, although some studies have identified ADCC 

antibodies to the variable V1/V2 loops as well. Hessell et al, has shown that antibody b12 

conferred profound protection from viremia mostly due to its mediation of ADCC. 

However, when b12 was mutated at the constant region to impair Fc receptor binding 
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thus abrogating ADCC binding, only parital protection was observed in which animals 

developed peak viremia similar to controls. 

1.4.3.1.3 Galactosylceramide blocking 

It is well known that HIV infects CD4 T cells (126). However, HIV is able to infect 

several cell types that do not express CD4 such as neuronal cells, colon epithelial cells, 

and fibroblasts (127, 128), suggesting that HIV-1 employs alternative receptors for 

mucosal entry. One alternative receptor for HIV-1 is the glycophingolipid, galactosyl 

ceramide (Galcer) which is expressed on the surface of colonic (129-131), and vaginal 

epithelial cells (132, 133). Bhat et al and Harouse et al reported that antibodies against 

Galcer have been reported to inhibit binding of the HIV virion on epithelial cells(134, 

135).  Biochemical studies by Harouse et al demonstrated that HIV recombinant gp120 

binds to Galcer by both ELISA and HPLC (136). Other studies have implicated the V3 

loop (137) and the gp41 membrane proximal external region (138, 139) in Galcer binding, 

although more recent studies show that neutralizing and non-neutralizing antibodies 

targeting gp120 and gp41 did not block the Envelope-Galcer interaction (105).  

Dennison et al demonstrated that vaccine-derived antibodies from RV144 block 

HIV envelope binding to Galcer. The authors used Galcer-containing liposomes and 

HIV-1 env gp140 proteins as mimics of the epithelial cells and HIV-1 virions respectively 

(105). The RV144 vaccine-induced antibodies targeting the first constant region (C1) 
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blocked Clade C transmitted/founder virus gp140-Galcer interaction with varied ability. 

The ADCC mediating antibody, CH38 IgG, and its isotype variant CH38 IgA2 effectively 

blocked clade C gp140-Galcer interations. The C1-specific antibodies that blocked Galcer 

were able to induce conformational changes that exposed the CD4-inducible epitope 

(CD4i) (105).  

1.4.4 Antibody interactions 

1.4.4.1 Structure and forms of IgA, IgG, and the Fc receptor 

Isotype variants of the same mAb are reported to have different affinities for 

antigen due to the influence of the constant heavy chain domains (140). The domains of 

the constant region differentially influence the overall flexibility of the Ab structure 

(141). 

IgG is the most abundant antibody in normal human serum, accounting for 70-

85% of the total immunoglobulin pool. It is monomeric with a molecular weight of 

approximately 150 kDa, is the major antibody of the secondary immune response and 

has the longest half-life (20-24 days) of the five immunoglobulin classes (IgG, IgA, IgG, 

IgE, IgD). IgG consists of four human subclasses (IgG1, IgG2, IgG3 and IgG4) each 

containing a different heavy chain which varies in the constant region (Figure 3). These 

subclasses are homologous and differ mainly in the hinge and have differential activities 

in the immune system. IgG1 and IgG4 contain two inter-chain disulphide bonds in the 
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hinge region, IgG2 has 4 and IgG3 has the longest hinge region with 11 disulphide 

bonds at the hinge region. 

The structure of IgA is similar to that of other immunoglobulins. Monomeric IgA 

consists of two heavy chains and two light chains. Human IgA has two closely related 

subclasses, IgA1 and IgA2 (Figure 3). Like the IgG subclasses the major difference 

between the IgA subclasses is in the hinge region. IgA1 molecules have a T-like shape, in 

which the distance between Fab fragments measures approximately 16 nm(142, 143). In 

contrast, IgA2 is Y-shaped, and the distance between Fab regions is only 10 nm due to 

the shorter and stiffer hinge region (142-144). 

IgA in serum is mainly monomeric with a fraction with dimeric and polymeric 

(higher forms larger than dimeric IgA) ranging from <1% to 20% (145). In mucosal 

fluids, secretory IgA (sIgA) is the main form of IgA present. It is generated from dimeric 

IgA (dIgA) secreted locally from mature mucosal plasma cells and consists of two 

monomers joined by the joining chain (J chain) (146). DIgA in the lamina propria interact 

with the polymeric immunoglobulin receptor (pIgR) expressed on the basolateral 

surface of cells in the epithelium. PIgR mediates the export of dIgA across the 

epithelium. PIgR undergoes a proteolytic cleavage at the luminal side which results in 

the secretory component that binds to the dIgA resulting in the generation of  sIgA (147, 

148). 
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Figure 3: Structure of IgA vs IgG 

The antibody isotype IgA, is the predominant antibody isotype found at the 
mucosal surfaces. There are 2 subclasses of IgA; IgA1 and IgA2 which differ in their 
hinge region. IgA exists in the forms monomic, dimeric, and secretory IgA. IgG is 
the predominant antibody isotye in the blood. There are 4 subclasses of IgG: IgG1, 
IgG2, IgG3, and IgG4 which have slight variations in their heavy chain. IgG3 has a 
longer hinge region compared to the other IgG subclasses. IgG only exists in the 
monomeric form. Adapted from Zhou et al, 2014 (1) 
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Antibodies mediate some of their effector activities via their Fc domains 

attaching to cellular receptors. Each subclass of antibody/immunoglobulin binds to 

different classes of receptors. Fcγ receptors (FcγR) are the cellular receptors which bind 

the crystallizable fragment or Fc region of IgG subtype antibodies. The Fc is the base 

portion of the “Y”-shaped immunoglobulin monomer.  

Like IgG, IgA interacts with cell surface-expressed Fc receptors, the best known 

one being the Fc receptor αRI (FcαRI) (149) also known as CD89. FcαRI is expressed on 

monocytes/macrophages, dendritic cells, neutrophils, eosinophils, and Kupffer cells of 

the liver (143, 150). However, CD89 is differentially expressed depending on location 

(systemic vs mucosal). Cheeseman et al examined CD14+ monocytic cells for FcR 

expression in mucosal tissues and the blood (151).  About 50% of CD14+ monocytic cells 

in mucosal tissues examined were negative for all FcR compared to 65% of CD14+ cells 

in blood which expressed CD32, CD64, and CD89. This may be due to downregulation 

of FcR at mucosal sites to prevent overstimulation of effector cells at the mucosa, and 

possible terminal differentiation of monocytes (151). 

Through interactions with FcαRI, IgA can activate ADCC and complement. IgA 

engages in FcαRI receptor mediated phagocytosis of pathogens by primary monocytes 

and neutrophils at mucosal sites where IgA antibodies dominate over the other antibody 

subtypes (152, 153). 



 

32 

 

Previous studies have reported on the potential dual role of pathogen specific 

IgA that depends on the available Fc receptors. Streptococcus mutans-specific IgA 

promotes phagocytosis by neutrophils when FcRα is upregulated, but in the absence of 

FcRα expression, these antibodies mediate complement dependent IgG phagocytosis of 

neutrophils (154). 

1.4.4.2 Impact of circulating memory T follicular helper cells on HIV 
specific antibody responses 

The duration and functional capacity of HIV-specific antibodies may depend on 

a subset of CD4+ cells called T follicular helper cells (TFH) which provide help to 

germinal center B cells and instruct B cell differentiation into long-lived memory B cells 

and plasma cells (155).  Petrovas et al, and Lindqvist et al have shown that there are 

expanded numbers of TFH cells in AIDS patients and SIV infected monkeys, which may 

drive B cell dysregulation(156, 157). In HIV/SIV the accumulation of T cells with 

diminished in-vitro effector function are referred to as “exhausted” T cells, which is 

reflected by increased expression of a variety of immunomodulatory receptors including 

programmed death receptor PD1 (158). There is a higher frequency of PD-1 ligand (PD-

L1) germinal center (GC) B cells from lymph nodes of HIV infected individuals 

compared to healthy individuals suggesting a potential role for PD-1/PD-L1 interaction 

in regulating TFH cell function (159). Engagement of PD-1 on TFH cells leads to a 

reduction in cell proliferation, activation, and IL-21 cytokine secretion (Figure 4).  
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Figure 4: Inadequate CD4+ T Follicular helper cell function results in 
impaired HIV-specific humoral responses 

Germinal center B cells from HIV-infected individuals have increased expression 
of the PD-L1 ligand. The ligation of PD-L1 to PD-1 on T Follicular Helper cells (TFH) 
leads to decreased T cell receptor (TCR) stimulation which results in decreased 
TFH proliferation, and decreased activation and secretion of cytokine IL-21. The 
reduction of IL-21 results in impaired plasma cell development and humoral responses. 
Exogenous IL-21 or blocking PD-1 signaling can restore B cell antibody responses and 
plasma cell generation. Adapted from (2). Reproduced with permission for the purpose 
of this thesis from Nature Medicine. 
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Importantly, blocking PD-1 signaling enhanced HIV-specific immunoglobulin 

production in vitro.  

Studies by Cubas, van Gevenynghe, Wills et al, show that circulating T follicular 

helper cells (cTfh) from elite controllers (EC) who are HIV infected but maintain 

undetectable HIV viral loads in the absence of ART therapy are functionally impaired in 

their ability to provide adewuate B cell help when compared with cTfh from chronic 

aviremic (CA) subjects who are HIV chronically infected, and healthy controllers (HC) 

who are HIV uninfected (160). Circulating blood TFH represent the circulating memory 

counterpart of lymph-node resident cells (161, 162), and the use of memory TFH cells in 

peripheral blood is used as a surrogate of the functional status of TFH in the lymph 

nodes.  

 HIV-specific Ab levels were measured in B cells and TFH cocultures from elite 

controllers (EC), chronic aviremic (CA), and healthy controllers (HC) (160). There were 

significantly lower levels of HIV-specific Abs in cocultures from CA subjects, and the 

majority of these individuals did not have measurable HIV-specific IgG antibodies. This 

decrease in HIV-specific responses from CA subjects was evident for Abs against gp120 

(p < 0.01) and gp41 (p < 0.001) and the predominant IgG subclasses for anti-HIV 

responses: IgG1 (p < 0.01) and IgG3 (p < 0.001) where the background limit of detection 

is at 100 MFI (Figure 5). 
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Figure 5: Decreased cTfh-mediated HIV-specific antibodies in chronic 
aviremic individuals.  

HIV-1 multiplex binding antibody assays were performed on coculture 
supernatants from healthy controllers (HC), elite controlers (EC), and chronic 
aviremics (CA) to determine the subclass and specificity of the antibodies 
generated against different HIV-1 antigens: Con 6 gp120, p31, and p66. 
Reproduced with permission from the Journal of Immunology for the purpose of 
this thesis. 
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There was a significant increase in the level of Env-specific IgG when cocultures 

from CA subjects were supplemented with recombinant IL-21. This means that in the 

presence of functional cTfh cell help, Env-specific IgG levels are enhanced in cocultures 

from CA subjects.This work gives insight into the mechanisms responsible for the 

induction and maintenance of Tfh cell differentiation that could be important in vaccine 

development. Enhancing memory Tfh cell function could enhance antibody effector 

functions, and improve the affinity maturation of HIV-specific Abs in HIV-infected 

individuals. 

1.4.4.3 IgA Antibody responses linked to synergy and protection 

In mucosal fluids, secretory IgA provides the first line of defense against 

invading viruses. IgA can directly neutralize virions, mediate their adherence to mucin 

glycoproteins to trap virus in the lumen resulting in immune exclusion, or aggregate 

them into large IgA-virion complexes also resulting in immune exclusion (Figure 6).  

Vaccine-induced mucosal IgA responses can also block HIV or SHIV infection after 

mucosal exposure (reviewed in Zhou et al, 2014 (1)) (Figure 6). 

1.4.4.2.1 HIV antibody synergism 

Evidence of the potential importance of a polyclonal antibody response to virus 

is supported by studies of antibody synergy. Synergy refers to multiple antibodies of 

different specificities acting in concert to potentially provide protection. Studies by  
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Figure 6: Potentially protective mechanisms of HIV-1 specific IgA. 

Plasma cell in the gut lamina propria that secretes dIgA. The dimeric IgA 
contains a J chain that binds the pIgR on the basolateral surface of cells in the 
epithelium. It now becomes SIgA that enters the cell through endocytosis. The SIgA 
that is transported to the lumen, binds to HIV/SHIV to prevent viral acquisition of 
the epithelial cells. This is done by forming aggregates or large complexes of SIgA 
and virus. (adapted from Zhou et al, 2014) (1).  
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Pollara et al showed that V2 and C1 MAbs isolated from ALVAC/AIDSVAX B/E 

vaccinees showed synergy for recongizing monomeric Env gp120 and for recognizing 

Env trimer expressed on the surface of HIV-1 infected cells (163). It is hypothesized that 

the V2 mAb binding to the monomeric gp120 was enhanced by preincubation with C1 

mAbs because the C1 mAbs induced a conformational change in the gp120 to allow for 

V2 mAbs to more avidly bind their epitope The V2 and C1 Mabs together mediated 

ADCC, and infectious virion capture.  

 Earlier studies by Mascola et al demonstrated synergistic neutralization of HIV 

primary isolates with double combinations of HIVIG plus 2F5 or 2G12, the 2G12 and 2F5 

together, or the triple combination of HIVIG, 2F5, and 2G12, resulted in greater 

neutralization potency compared to the individual antibodies. The triple combination of 

2F5, 2G12, and HIVIG had the greatest neutralization potency. 

In vivo studies by Sholukh and  Rupecht et al report a passive immunization in 

non-human primates that showed a combination of HIV-specific dIgA2 and IgG1 

completely protected rhesus from SHIV acquisition in an intrarectal challenge (164). 

These findings from in vitro and in vivo studies highlight the potential importance of 

polyclonal antibody response for protection. 
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1.4.4.2.2 HIV IgA antibody responses linked to protection 

There are a number of studies that have linked HIV-specific IgA to protection in 

HIV-exposed, persistently seronegative persons (HEPS) and protection of rhesus 

macaques against SHIV challenges. HIV-specific mucosal IgA responses have been 

detected in the genital tracts of highly exposed uninfected women, and these antibodies 

were shown to neutralize HIV primary isolates(165-170). However theses finding are 

controversial (especially the older studies) because of the methodology used to isolate 

mucosal IgAs- jacalin resins preferentially bind human IgA1 antibodies. Other studies 

have reported little or no evidence of HIV-specific mucosal IgA responses in HIV-

exposed uninfected subjects (171-173).  

In the context of non-human primates, Bomsel et al immunized rhesus macaques 

via both the intramuscular and intranasal routes with an SHIV-1 vaccine made of gp41-

subunit antigens (174). All protected animals showed gp41-specific vaginal IgAs with 

HIV-1 transcytosis-blocking properties and vaginal IgGs with neutralizing and/or 

ADCC  activity, thus the authors concluded vaccine-induced vaginal IgA responses 

together with IgG responses were linked to robust protection against vaginal SHIV 

challenges (174). Studies by Sholukh, Rupecht et al report a passive immunization 

showed that combination of HIV-specific dIgA2 and IgG1 completely protected rhesus 

from SHIV acquisition (i.r. challenge). Other studies from the same group of 
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investigators show that IgA1 protected better than epitope matched IgA2 or IgG (175). 

Either dimeric IgA1, dIgA2, and IgG1 versions of HGN194 were applied intrarectally 30 

minutes before Clade C intrarectal challenge.  Dimeric IgA1 provided the best protection 

against SHIV challenge, even though dIgA2 and IgG1 had similar neutralizing activity 

in vitro.  

Taking together the findings of HIV IgA in highly exposed seronegative persons, 

and the protection in non-human primates from SHIV challenge by HIV-specific IgA, it 

suggests that HIV vaccine strategies should potentially focus on inducing mucosal IgA 

responses. The question remains on whether there are certain forms, specificities and 

effector functions of plasma IgA that mediate potential protection. This is addressed 

from findings of isolated plasma HIV-specific IgA from the RV144 Thailand HIV vaccine 

trial in Chapter 3: HIV-1 specific IgA Monoclonal Antibodies from an HIV-1 Vaccinee Mediate 

Galcer Blocking and Phagocytosis. 

1.4.4.4 IgA mediated interference of IgG 

The phenomena of IgA blocking of IgG has been reported in several studies; 

from host immunity to bacteria (176, 177), the regulation of autoantibodies (178), and for 

ADCC activity of EBV-infected target cells in nasopharyngeal carcinoma (179). In 

bacterial sepsis, Griffiss et al, have shown that IgA block initiation of complement-

mediated effector mechanisms of the IgG and IgM that share its antigen specificity (176). 
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In  cases of nasopharengeal carcinoma, patients had a poor prognosis  could be due to 

the activity of IgA blocking IgG mediating ADCC (179).  

Quan et al report that for autoantibodies in amniotic fluid, the IgG depleted 

fraction (mostly by monomeric IgA) can suppress the activity of IgG autoantibodies 

(178). The blocking of IgG autoantibodies by IgA is potentially beneficial in this case 

because it could protect the fetus against maternal IgG autoantibodies without 

interfering with the function of antigen-induced IgG antibodies to pathogens (178). 

Therefore, when considering the above mentioned studies of IgA blocking of IgG, it is 

important to consider whether these responses are protective or detrimental to the host. 

1.4.4.3.1 HIV IgA responses linked to blocking protection 

The RV144 vaccine trial demonstrated that the levels of vaccine-induced IgA in 

serum were associated with an increased risk of HIV-1 infection (25) and that IgA 

competed with IgG for ADCC activity (64). Anti-HIV IgA therefore can interfere with 

IgG protective effector function of ADCC mediated by NK cells. This illustrates that 

certain HIV-specific IgA can involve interactions of antibodies with affinities for 

different Fc receptors. 

Taken together, the studies of IgA blocking of protection and IgA protection  

indicate that HIV-1 specific IgA may have either an unfavorable role by competing with 

potential IgG effector function or a protective role by preventing HIV-1 acquisition at the 
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mucosal site. The dual nature of IgA activity demonstrates the complexity of the 

antibody functions that may depend on the IgA specificity, location (systemic vs. 

mucosal) and form (subclass, secretory IgA, dimeric IgA). 

1.5 Dissertation Prospectus  

An effective antibody response against HIV is likely to involve both neutralizing 

as well as non-neutralizing antibodies. Some of the neutralizing antibodies are difficult 

to induce especially when the Achilles heel (bnab epitopes like 2F5) of HIV are hidden 

from the B cell repertoire because of homology to self-antigens. Whether development of 

2F5-like antibodies to a self-antigen can lead to a broadly neutralizing antibody response 

or whether reactivity to self-antigen is a requirement for the neutralization breadth of 

2F5-like antibodies has been a question in the HIV vaccine community. I hypothesize 

that in HIV-1 infected autoimmune comorbid individuals, there is still some pushback 

from the host in generating 2F5-like antibodies where there is a balance in generating 

anti-HIV antibodies and the generation of autoantibodies resulting in a ceiling of affinity 

maturation. I was uniquely positioned to test this hypothesis because the lab has plasma 

samples from a HIV-1 infected individual from the time of infection to the development 

of broadly neutralizing antibodies. Here I chart the development of a HIV-1 antibody 

lineage with reactivity to self-antigen.  



 

43 

 

The next part of my thesis centers on defining mechanistic correlates of 

protection elicited by HIV-1 vaccination. There were many lessons learned from the 

RV144 Thailand HIV-1 vaccine trial, the most efficacious HIV vaccine to date with its 

modest 31% protection, including that non-neutralizing antibodies mediated protection 

in the trial. HIV-specific IgG-mediated non-neutralizing antibodies directed against the 

V2 loop of HIV type 1 envelope (Env) were inversely correlated with risk for HIV 

acquisition, while Env-specific plasma IgA were directly correlated with risk by 

blocking the effector function of IgG in antibody dependent cellular cytotoxity. 

However, several studies have linked HIV specific IgA to protection in highly exposed 

seronegative persons and vaccine-induced mucosal IgA was linked to protection in non-

human primates from SHIV acquisition. I hypothesize that vaccine-induced plasma IgA 

can provide protection and it depends on the form of IgA and fine specificity to the HIV 

envelope.  

The work outlined in these studies contribute to defining mechanistic correlates 

of protection by induction of antibody effector function in HIV infection and 

vaccination. These studies would inform new strategies for HIV-1 vaccines and 

therapeutics by giving insights into the possible immune tolerance mechanisms that 

limit the production of 2F5-like bNabs, and the mechanisms by which HIV-1 specific 

IgA may mediate potential protection.                                                                                                                                                                                                                                                                              
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2. Evolution of a Neutralizing Antibody Lineage with 
Autoreactivity in an HIV-1 Infected Individual with 2F5 
mAb-like neutralizing antibodies 

In this chapter I charted the evolutionary pathway of a 2F5-like monoclonal 

antibody lineage in a HIV-1 infected individual with evidence of an autoimmune 

antibody response. This work began as my rotation project in the Tomaras Lab and I 

developed it further to study the maturation of 2F5-like antibodies from the time of 

infection to the development of a broadly neutralizing antibody response. I generated 

the antibodies from transient transfection, screened the binding specificity, and 

completed the autoreactivity assays for the antibodies. The deep sequencing of the 

antibodies in the lineage was performed by Drs. Andrew Fire, Scott Boyd, and Katherine 

Jackson. I worked with Tara Von Holle on the HEp-2 antinuclear antibody screening, 

and worked with Rob Parks on the Autoreactivity Luminex assay. The work presented 

in this chapter is being revised for submission. 

2.1 Introduction 

A major goal in the development of an effective HIV-1 vaccine is to induce 

antibodies that neutralize a large number of heterologous strains of HIV-1 (180), termed 

broadly neutralizing antibodies (bnAbs). BnAbs are produced ~ 50% of infected 

individuals (77); however, these bnAbs are produced during chronic infection and do 

not eliminate autologous circulating viral strains due to emergence of virus resistance 
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(181-184). Some of the bnAbs that develop are autoreactive (bind to self-proteins that are 

non-HIV (89, 185). BnAbs like 2F5, and 4E10 are rarely generated because the B cells that 

produce these antibodies are subject to mechanisms of immune tolerance that deplete 

autoreactive B cells and therefore prevent the expansion of self-reactive cells. Gray et al. 

found that anti-cardiolipin antibodies from a HIV-1 subtype C cohort were significantly 

associated with neutralization breath (186). Moody et al.  found in a large cohort that 

those individuals that make bnAbs have a higher frequency of autoantibodies to both 

proteins, RNA and DNA than those who do not make bnAbs (187). Bonsignori et al. 

demonstrated in an HIV-infected systemic lupus erythematosus patient that made 

bnAbs, that the isolated bnAb also had dsDNA autoreactivity(106).  Questions remain 

on the development of HIV-1 specific immunity in the face of autoimmunity. Studies of 

immune dysregulation in an HIV-1 infected individual with systemic lupus 

erythematosus (SLE) and anti-cardiolipin antibodies from the Trinidad Clade B infection 

cohort provide insights into the conditions necessary for induction of broadly reactive 

gp41 MPER antibodies in natural infection (188).  Broadly neutralizing antibodies 

targeting the HIV-1 MPER were originally isolated and described by Katinger et al. (189) 

one to the proximal MPER (2F5) (190) and one to the distal MPER (4E10) (191). We have 

previously reported two related 2F5-like bnAbs (m66, and m66.6) (192) with a lower 
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somatic hypermutation (SHMs  than 2F5, but that mimicked the binding profile, and 

virus neutralization profile of 2F5 (188).  

2F5 specific antibodies (like other MPER directed antibodies) participate in a 

unique two-step binding process from other HIV-1 envelope antibodies. In the first step, 

termed the encounter, the antibody attaches weakly to the viral membrane and a final 

docking step where the antibody captures the triggered, transient form of gp41 induced 

by receptor binding (82, 104).  

The process of affinity maturation in which an antibody producing B cell gains 

somatic hympermutations during chronic exposure to antigen, is thought to result in 

increasing antibody neutralization breath. This phenomena of increasing somatic 

hypermutations resulting in greater neutralization breadth was observed in the broadly 

neutralizing 10E8 like antibodies of the DH511 lineage of an HIV-1 infected individual 

(193). Furthermore, somatic hypermutations associated with increasing neutralization 

breadth in TZM-bl cells was demonstrated in the CH103 broadly neutralizing antibody 

lineage from another HIV-1 infected individual with CD4 binding site antibodies (181).  

In contrast, to affinity maturation of a clonal lineage resulting in greater neutralization 

breadth, other studies have described a limitation of antibody neutralization potency 

due to antibody redemption/ affinity reversion as mechanisms that limits the production 

of 2F5 bNab in non-human primates. The question remains of whether 2F5-like 
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antibodies from a chronically HIV-1 infected human will also undergo antibody 

redemption/affinity reversion resulting in lack of maturation of the antibody response 

toward neutralization potency is unknown. Here, we have isolated the heavy chain 

sequences and generated antibodies from m66 lineage from a chronically infected 

individual with 2F5-like antibodies. We observed that the antibodies bind self-proteins 

and that increased somatic hypermutation did not result in increased neutralization 

potency nor autoreactivity. These findings suggest the possibility that antibody 

redemption or affinity reversion can occur in humans and may be one mechanism that 

limits expansion of bnAb lineages.  

2.2 Materials and Methods 

HIV-1-specific binding antibody multiplex assay (BAMA). (Figure 7) HIV-

specific plasma Ab were detected with mouse-anti human IgG (Southern Biotech, 

Birmingham, AL), conjugated to phycoerythrin, at 4 μg/ml. Antibody measurements 

were acquired on a Bio-Plex instrument (Bio-Rad, Hercules, CA), and the readout is in 

mean fluorescent intensity (MFI) as previously described (188, 194, 195). Positivity 

criteria for antibody-antigen pairs were predetermined using a set of plasmas from 30 

seronegative subjects (mean MFI + standard deviation [SD] of 3). MPR.03 

(KKKNEQELLELDKWASLWNWFDITNWLWYIRKKK biotinylated peptide containing 

lysines at both ends for solubility (196). SP62 QQEKNEQELLELDKWASLW 
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Figure 7: Method for Binding Antibody Multiplex Assay.  

In each of the wells of the 96 well plate, there is a mixture of beads, each color 
representing a different antigen. Next, patient serum is added containing multiple 
affinity antibodies to the wells containing the antigen coated beads. The antibodies 
bind to the antigen for which it has an affinity for binding. Fluorescently conjugated 
detection n antibodies are added that bind to the Fc portion of the primary antibody. 
Last step is a readout in MFI that is proportional to the amount of antibody bound to 
the sample. 
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Patient Cohort. The Trinidad Seroconverter Clade B infection Cohort was 

described previously (197). Patient SC44 was an ART-naïve female patient. The Center 

for HIV/AIDS Vaccine Immunology cohort CHAVI 001 or CHAVI 008 were described 

previously (76). Patients were chronically infected with HIV-1 strains of Clade A, B, or 

C. All experiments were performed in compliance with institutional guidelines. Written 

informed consent was obtained from all participants. 

IGH repertoire sequencing. Rearranged IGH were deep-sequenced from 

genomic DNA isolated from peripheral blood mononuclear cells (PBMCs) as previously 

described (198, 199) at four post-infection time points for SC44; early infection , 5 months 

, 11 months  and 25 months. Total genomic DNA was used as input for PCR 

amplification of rearranged IGH to generate sequencing libraries for the Roche 454 

platform. Primers were directed against the framework region 1 and 2 (FR1 and FR2) of 

each IGHV gene family, with a common IGHJ primer (IDT), and also contained 10 

nucleotide barcode sequences for sample multiplexing and the necessary 454 

pyrosequencing elements (199). Samples for each timepoint were sequenced as 6 

independent barcoded amplifications by PCR of 100ng of DNA with 10pg of each 

primer and 0.5uL of AmpliTaq Gold (Applied Biosystems) in a 50μL reaction with the 

following program: (95ºC for 10 minutes); 35 cycles of (95ºC for 30 seconds, 58ºC for 45 

seconds, 72ºC for 90 seconds); (72ºC for 10 minutes). To minimize heteroduplexes, 10μL 
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of the initial reaction was amplified for an additional 2 cycles in fresh PCR mix. Samples 

were pooled in equal amounts and purified by 1.5% agarose gel electrophoresis, gel 

extraction and column purification (Qiagen). Libraries were then submitted for 

pyrosequencing on the Roche 454 platform with Titanium chemistry from the ‘B’ primer 

of the manufacturer’s protocol (Roche). Four sequencer runs were carried out with the 

libraries.  

Identification of M66 lineage members in repertoire sequencing. Datasets were 

de-multiplexed based on exact matches to the primer-encoded barcodes, discarding 

sequences that lacked an exact barcode match. Primers, barcodes and sequencing 

adapters were trimmed from the reads, and the VDJ amplicons were aligned against the 

human IGHV, IGHD and IGHJ germline repertoire using iHMMune-align (200) 

iHMMune-align output was used to determine the gene utilisation, somatic 

hypermutation and CDRs and FRs of each VDJ amplicon.  

Deeply-sequenced IGH were compared to the M66 IGH sequence using three 

approaches to capture members of the M66 lineages within the repertoire data: BLAST 

alignments (201); hmmer (202); and Hamming distance. BLAST alignments compared 

the full-length nucleotide sequences from the IGH repertoire to M66 and its germline 

(UCA) using default parameters. For hmmer searches, sequences were translated to 

amino acids, and processed with default parameters. Hamming distances for each IGH 
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repertoire read to M66 was calculated for the nucleotide sequences for the full-length 

reads, the CDR3 and the D-REGION plus N-additions. Outputs were reviewed for 

shared IGHV and IGHJ gene assignments as well as more than 80% identity for 

nucleotide comparisons and greater than 70% for amino acid comparison with minimal 

indels. Multiple sequence alignment of putative M66 lineage members passing initial 

filtering, and M66 and M66_UCA, was undertaken with ClustalW (203) to confirm likely 

M66 lineages members from the repertoire sequencing.   

Antibody Production. Unique heavy chains in the m66 clonal lineage were 

cloned into (GenScript) and expressed as previously described (68, 204). Heavy chain 

plasmids for each m66 clonal lineage member were paired with the m66 light chain 

plasmids for transient transfection with ExpiFectamine (Life Technologies) in 293i cells. 

Antibodies were purified with protein A agarose beads (Life Technologies). 

Immunoblotting. Proteins were separated on NuPAGE gels (Invitrogen) and 

transferred to nitrocellulose membranes (iBlot; Invitrogen). The membranes were 

blocked with 1% casein protein in PBS (Bio-Rad Laboratories). Membranes probed with 

2 µg/ml of the following Abs in blocking buffer: anti–human KYNU (R&D Systems), 

2F5, 2F5_UCA, m66, m66_UCA. Appropriate secondary Abs (Sigma-Aldrich; Invitrogen) 

were used and blots were visualized by Alkaline Phosphatase substrate (Promega). 
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Autoantigen Assays. HEp-2 slides (MBL Bion) were blocked with PBS 

containing powdered milk (1%), normal goat serum (5%), and Tween-20 (0.05%). Slides 

were labeled with 25 or 50 µg/ml 2F5 positive control, and nine m66 lineage antibodies. 

The slides were then washed, and stained as previously described (89, 193). Antibody 

binding to a panel of autoantigens was measured with a Luminex AtheNA Multi-Lyte 

ANA assay (Wampole Laboratories, Princeton, NJ) according to the kit manufacturer's 

protocol. M66 lineage antibodies, and 2F5 control were tested in serial dilutions against 

the extractable nuclear antigens Sjogren's syndrome antigen A (SSA), SSB, Smith antigen 

(Sm), ribonucleoprotein (RNP), centromere B (Cent B), histone, scleroderma 70 (Scl 70), 

and Jo-1 and double-strand DNA (dsDNA). Criteria for positivity is at least 120 MFI. The 

responses of a RSV antibody, Pavilizumab (205), was used to compare responses due to 

non-specific interactions. 

BLI. Antibody-binding kinetic rate constants (ka and kd) were measured by Bio-

Layer Interferometry (BLI, ForteBio Octet RED96) measurements, as previously 

described (105). The BLI assay was performed using APS (streptavidin coated) sensors 

(ForteBio) to capture biotinylated MPR.03 peptide dipped into varying concentrations of 

antibodies. Rate constants were calculated by curve fitting analyses (1:1 Langmuir 

model) of binding responses with a 300 second association and 300 second dissociation 

interaction time. 
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Neutralization Assay. The neutralizing activity of m66 lineage antibodies was 

performed against a panel of HIV isolates (92HT593/HPBMC, HXB2, ADA, 5768.4, and 

P(206)T257.31) in both TZM-bl and TZM-bl/FcγRI cell, as previously described (206, 

207). The starting concentration of mAbs was 50 µg/ml. IC50 was calculated as the 

concentration in which 50% of virus was neutralized and units are reported as either 

reciprocal dilution for plasma samples or mg/ml for mAbs. Any IC50 values greater than 

the starting concentration were set equal to the starting concentration before calculating 

median values. 

Clonal lineage determination and inference of unmutated common ancestor. 

The software program Cloanalyst (208) was used to annotate isolated VHDJH and VLJL 

sequences with immunogenetic information as well as to test for clonal lineage 

membership, and construct phylogenetic trees of clonal lineage. Phylogenetic trees were 

reconstructed from heavy chains only.  

Structure. The threading of m66 to MPER was performed using the Rosetta 

software package. The Rosetta algorithm uses a Monte Carlo strategy to assemble short 

fragments of three- and nine-residues of known protein structures followed by gradient-

based refinement with respect to all backbone and side chain torsional angles in a 

detailed all-atom force field to obtain compact structures (209, 210). 
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2.3 Results 

2.3.1 SC44 serum antibodies bind HIV-1 MPER and 2F5 epitope but 
not KYNU. 

We hypothesized that HIV-1 infected individuals that contain rare 2F5-like 

broadly neutralizing antibodies may contain serum antibodies that bind self-antigen 

kynureninase (KYNU), since the 2F5 mAb epitope shares the MPER sequence 

“ELDKWA” and binds KYNU (94). KYNU is a ligand for 2F5 mAb and the 2F5 UCA 

(94). To determine whether the HIV-1 chronically infected individual SC44, known to 

contain 2F5-like broadly neutralizing antibodies (188), has serum antibodies reactive to 

KYNU, measured the serum IgG response against a panel of HIV-1 antigens (Consensus 

group M gp140, Consensus 6 gp120, gp41, MPER, and the 2F5 epitope) and KYNU. As 

controls, serum from additional individuals (SC03, TT31) from the same cohort were 

measured. SC44 serum was positive for binding to Con S gp140, gp41, MPER, and 2F5 

epitope (Figure 8c). However, the SC44 serum antibodies did not bind to KYNU which 

shares the same ELDKWA linear epitope with 2F5. This suggests that either the 

concentration of circulating bnAbs is below the limit of detection (LOD) in this assay (0.3 

ng/ml based on the lowest limit of binding anti-KYNU antibody binding to KYNU-

coated fluorescent beads), or there is a discordance between the circulating plasma 

response and the memory B cell response, as previously reported for HIV-1 antibodies. 
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Figure 8: SC44 serum binds 2F5 epitope but not KYNU 

Positive controls established for (A) 2F5 mAb and (B) anti-KYNU polyclonal 
antibody binding by fluorescence based binding antibody multiplex assay (BAMA). (C) 
Serum (1:50 dilution) from patients in Trinidad Cohort (blue) were screened by HIV-1 
specific binding antibody multiplex assay. Positivity criteria (black dashed line) for 
antibody-antigen pairs were predetermined using a set of plasma from 30 seronegative 
subjects (mean MFI + standard deviation [SD] of 3). (D) MPER neutralization from serum 
of HIV+ patients with broad and potent neutralizing activity (22). (E) Serum screened for 
binding to HIV epitopes and KYNU by HIV-1 specific binding antibody assay. 
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 To determine whether anti-KYNU antibodies are detected in patients 

whose sera contain MPER neutralizing antibodies, we also tested the serum of 

“broad neutralizer” patients that contain broad and potent MPER neutralizing 

antibodies (76). Although these patients contained broad and potent neutralizing 

MPER-directed antibodies (including 2F5 epitope directed antibodies) (76), their 

serum antibodies did not bind KYNU. 

2.3.2 2F5-like monoclonal antibody, m66, isolated from SC44 
peripheral B cells binds weakly to KYNU 

KYNU binding was not detected in the serum of patient SC44, so we next 

assessed whether 2F5-like monoclonal antibodies isolated from SC44 bind KYNU. M66 

monoclonal antibody was isolated from phage-and-yeast-displayed antibody library 

from SC44 peripheral B cells using tags containing the 2F5 epitope and HIV-1 gp140 

(JRFL) (192). M66 exhibits some HIV-1 neutralizing activity but is not as broad as 2F5 

(192). Both mAbs require binding to the core DKW (664-666) of the 2F5 epitope and two 

additional upstream residues (L (660,663)) using gp41 alanine substitution mutant 

peptide (HXB2 numbers) (192). M66 is less divergent from its germ-line antibody 

compared to 2F5 and its germ-line counterpart.  We determined whether m66 mAb 

requires the core DKW binding epitope recognized by 2F5 mAb. M66 binds weakly to 

KYNU by both western blot and binding antibody multiplex assay (Figure 9A, 9B). The  



 

57 

 

 

Figure 9: m66 mAb isolated from SC44 PBMC’s binds KYNU.  

(A) Western blot of KYNU binding with primary antibodies 2F5, 2F5 
unmutated common ancestor variants (2F5 GL), m66 and m66 unmutated 
common ancestor variants (m66 GL) at 2 μg/ml on 4-12% Bis-Tris gel. Gel lanes 
cut for detection with primary antibodies and joined for image capture. 
Separation of lanes indicated by black boxes between lanes. Binding antibody 
multiplex assay for (B) KYNU and (C) mutabt-KYNU binding for m66, HIV 
neutralizing antibodies, and negative control Pavilizumab. Western blot 
performed by Guang Yang, Garnett Kelsoe Laboratory, DUMC. 
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2F5 mAb control binds with much greater avidity to KYNU (AUC=9,735) than 

mutant KYNU (AUC= 7). M66 has a weak but detectable binding to KYNU (AUC= 94) 

compared to mutant KYNU (AUC= 34). As expected, other HIV-1 specific antibodies 

that do not target the MPER (e.g. 7B2 IgG1, HIVIG, CH58 IgG1, CH31 IgG1, PG9 IgG1, 

and PG16 IgG1) do not have preferential binding for KYNU compared to mutant KYNU. 

2.3.3 Deep sequencing SC44 peripheral B cell repertoire obtains 
antibodies more mutated than m66. 

Antibodies typically accumulate mutations in the complementarity determining 

region (CDR) loops, which usually require contact with the antigen (181, 193). In the 

setting of HIV-1 infection, the mutations lead to better virus neutralization in the case for 

the VRC01 antibody lineage (84), CH103 (181) and the 10E8 antibody lineage (193). 

However, in the setting of vaccination when neutralizing antibodies target the gp41/ 

MPER region in the context of an NHP model, increased SHM did not generate more 

potent bnAbs (97). We hypothesized that the accumulation of antibody VH mutations 

within a clonal lineage of MPER targeting mAbs reaches a ceiling of affinity maturation 

and HIV-1 neutralization due to tolerance control and affinity reversion or antibody 

redemption(211, 212). Therefore, clonally related antibodies more mutated than m66 

maybe more or less reactive to the MPER compared to m66. To further probe the 

peripheral B cell repertoire of from SC44 for 2F5-like antibodies clonally related to m66, 

we performed immunoglobulin heavy chain VDJ 454 deep sequencing of SC44 PBMC’s 
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at 0, 5, 11, and 25- months post infection. Deep sequencing across four time points for 

subject SC44 produced a dataset of approximately 150,000 IGH VDJ. This dataset was 

assayed for potential shared lineage with M66. 21 related VDJ remained following 

review of proposed related clones to the M66 bnAb. Proposed related VDJ varied from 

4735 for BLAST (13 passed review), 16 using hamming distance across VDJ and 17 for 

hamming distance of CDR3 (all passed), to 94 for Hmmer (18 passed). The 21 VDJ 

represent the union of the results for all approaches (Figure 10A). NGS 

sequencing generated only partial sequences and some of the sequences were the same 

from the total of 21 sequences. These 21 IGH represented VDJs from three different post-

infection time points; 5- months (2 reads), 11-months (6 reads) and 25-months (13 reads). 

M66 lineages members at the 5-month time point carried 3 V-region somatic 

hypermutations (SHM), compared to those at 25-months which carried 15 to 18 SHM. 

Those detected at the 11-month time point had between 3 and 5 point mutations in the 
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Figure 10: 454 deep sequencing of peripheral B cell repertoire of 
patient SC44 peripheral blood mononuclear cells.  

(A) Immunoglobulin heavy chain VDJ 454 deep sequencing of 
peripheral B cell repertoire of patient SC44 at 0,5,11,25 months post infection 
with ClustalW alignment. Total of 21 VDJ related clones to m66 after QC 
screening. (B) Table of % VH mutation frequency of m66 lineage antibodies 
amino acid changes in VH region relative to M66_UCA. M66_GL heavy and 
light chains inferred from m66. M66 is IGHV5-51*01 IGHD3-10*01 IGHJ6*02. 
NGS sequence completed by Katherine Jackson, Andrew Fire, and Scott Boyd 
at Stanford University. 
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V-region. Seven unique sequences were identified out of the 21 sequences and the 

missing 5'end sequence was inferred using Somatic Diversification Analysis (SoDA)  

software. A phylogenetic tree was constructed of the seven unique amino acid sequences 

and inferred germline sequence. There were 3 unique m66 lineage  

antibodies isolated at 11-months post infection (m66_YD503, m66_F9512, m66_7P513) 

and 4 unique m66 lineage antibodies isolated at 25-months post infection (m66_3F1533,  

m66_NP1534, m66_DX1834, m66_7X1835). The sequences are between 3.1- 8.4% 

VH mutated. The VH sequences were produced as plasmids. The new VH plasmids 

produced from NGS and VL plasmids of the m66 light chain were transiently 

transfected into HEK293T cells. The antibodies generated were assayed for binding to 

HIV-1 antigens and assessed for polyreactivity to self-antigens. 

2.3.4 Antibodies in m66 lineage bind the HIV-1 envelope 

To determine whether clonally related antibodies more mutated than m66 bind 

with greater avidity to the HIV-1 envelope, we screened the antibodies for binding to 

HIV-1 envelope proteins. Antibodies were titrated starting at 100  µg/ml, at 2-fold 

dilutions for binding to gp41, gp140, MPER and the 2F5 epitope. The positive control 

2F5 mAb bound gp41, gp140, MPER and the 2F5 epitope (Figure 11). Compared to 2F5, 

M66 (black line) bound at a slightly lower relative affinity to the HIV-1 proteins and 

peptides. The M66 unmutated common ancestor (UCA) (M66_UCA), which was  
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Figure 11: Antibodies in m66 lineage bind envelope proteins.  

(A) HIV-1 binding antibody multiplex assay of m66 lineage antibodies and 2F5 antibody 
binding to (A) gp41 (B) MPER (C) Con S gp140 (Consensus group M) (D) B.con.env03 
gp140 (Clade B gp140) and (E) Area Under the Curve (AUC) summary of binding table. 
AUC measured by trapezoidal rule of the measured MFI at discrete concentration points. 
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inferred from M66 using Clonalyst Software, bound poorly to gp41 (AUC=504) and to 

MPER, gp140 and the 2F5 epitope.  Along with m66, which bound with high relative 

affinity to gp41, (AUC=  38,587), the mutated antibodies in the m66 lineage bound gp41. 

The more mutated antibodies in the lineage m66, 3F1533, and m66 NP1534, bound 

strongly to gp41 (AUC= 50,041, 52,992 respectively); however, m66 3F1533 mAb bound 

poorly to MPER, the 2F5 epitope and Con S gp140.  

2.3.5 Antibodies in m66 lineage are autoreactive 

The 2F5 antibody is both polyreactive and autoreactive. For MPER bnAbs, 

polyreactivity may be an essential trait for their binding to virions(82). Since the m66 

lineage antibodies bind MPER and the 2F5 epitope, and m66 was shown to have low but 

detectable binding to autoantigen KYNU, we next determined whether antibodies more 

mutated than m66 are polyreactive/autoreactive. We tested the m66 lineage antibodies 

for binding to KYNU and mutant KYNU and observed that the m66 lineage mAbs have 

a weak binding to KYNU except for m66_1533 which binds strongly to KYNU 

(AUC=1696), 53.9-fold higher than m66 (Figure 12B). The m66 lineage antibodies bind 

poorly to mutant KYNU except for m66_3F1533 which binds strongly to mutant KYNU 

(AUC=471.4). This indicates that most m66 lineage mAbs have better binding avidity to 

KYNU than mutant KYNU. Furthermore, m66_3F1533 may be polyreactive since it 
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bound both KYNU and mutant-KYNU and is positive for autoreactivity by human 

epithelial cell staining (HEp-2) and AtheNA multi-analyte panel.  

2.3.6 Neutralization of HIV-1 infection of m66 lineage mAbs in TZM-bl 
cells and FcγRI expressing TZM-bl cells 

To determine whether increasing somatic hypermutations results in enhanced 

neutralization breadth, we tested the ability of the m66 mAbs to neutralize virus in a 

standard TZM-bl neutralization assay that utilizes cells expressing the HIV receptors 

CD4 and co-receptors CCR5/CXCR4, and contain integrated reporter genes for firefly 

luciferase and Escherichia coli  β-galactosidase. Values are shown as the IC50 which is the 

concentration of the antibody needed to neutralize 50% of the virus. M66 weakly 

neutralizes primary isolate viruses 92HT593 (Clade B), 92UG024.2 (Clade B), and 

PT257.31 (Clade AE) with IC50 neutralization values 17, 16, and 17  µg/ml respectively 

in TZM-bl cells (Figure 13). In addition, m66_F9512 which contains the same amino acid 

sequence as m66 (but different nucleotide sequence), weakly neutralizes 92UG024.2 

(IC50=42) and PT257.31 (IC50=28). Antibodies more mutated than m66 do not neutralize 

virus in TZM-bl except for m66 NP1534 which weakly neutralizes 92UG024.2 (IC50= 44). 

In FcγRI expressing TZM-bl cells which provide a kinetic advantage for antibodies to 

access the transiently-exposed MPER epitope (213), there is enhanced neutralization of 

the viruses by the m66 lineage antibodies.  Tier 1A virus, HXB2, is potently neutralized 

by the m66 antibodies except m66 GL, m66 3F1533, and m66 7X1835. Not surprisingly,  
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 Figure 12: Polyreactivity and autoreactivity of m66 lineage antibodies.  

(A) Western blot of KYNU binding with primary antibodies in the m66 lineage, 
2F5, and anti-KYNU at 2 μg/ml on 4-12% Bis-Tris gel. Gel lanes cut for detection with 
primary antibodies and joined together for image capture. Separation of lanes indicated 
by black boxes between lanes.  BAMA of antibody binding to (B) KYNU and (C) 
mutant KYNU). (D) Binding of mAbs to HIV-1 negative human epithelial HEp-2 cells 
determined by indirect immunouorescence. (E) Binding of mAbs to a panel of 
autoantigens measured by Luminex AtheNA Multi-Lyte ANA assay. Bold font 
indicates values that meet positivity criteria. HEp-2 staining and analysis performed by 
Tara Von Holle, Bart Haynes DUMC, AtheNA performed by Rob Parks, DUMC. 
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these 3 antibodies that do not neutralize virus, bind poorly to MPER, and gp140 (Figure 

11B, C, D). Although M66, is not highly somatically hypermutated compared to other 

mAbs in the lineage, it is the most potent of these antibodies in neutralizing primary 

isolates and Tier1A virus in both TZM-bl and TZM-bl/ FcγRI cells. This indicates that 

greater SHM frequency does not always result in enhanced neutralization breadth.   

2.3.7 M66 lineage binding kinetics and structural threading of m66 to 
MPER 

We next determined whether the binding kinetics (KD) and structural 

information support the findings that increasing SHM does not result in affinity 

maturation towards a broadly neutralizing antibody. Analysis of the m66 antibody 

lineage by Bio-layer Interferometry demonstrated that the m66 lineage antibodies bind 

tightly to MPER with KD values in the picomolar range (Table 2), except for m66 7X1835 

(Figure 14). 

 Structural threading of m66 and m66_1533 to MPER with the Rosetta protein 

modeling software indicate that amino acid changes in m66_1533 affect binding to the 

core ELDKWAS 2F5 epitope (Figure 15). In m66 3F1533, the N58 no longer forms salt 

bridge with E in ELDKWAS. M663F1533 F52 abolishes the hydrogen bond with W in 

ELDKWAS. 
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Figure 13: Neutralization of HIV-1 infection in TZM-bl and TZM-bl/FcγRI 
by m66 lineage mAbs. 

M66 lineage antibodies were tested starting at a 50 μg/ml final concentration 
and titrated using 3-fold dilutions.  Results are shown as the IC50 for either TZM-bl 
cells and TZMBL/FcγRI. Positive neutralization is shown in boldface type. IC50 Values 
are color coded for high neutralization (red) and poor neutralization (green). Values 
>50, or >X indicate no antibody-mediated neutralization with corresponding virus. 
Neutralization performed by Peter Gao in the David Montefiori Lab, DUMC.  
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Figure 14: M66 lineage binding kinetics to MPER by Bio-Layer Interferometry (BLI). 

Streptavidin coated sensor tip bound with either 2 μg/ml MPER-biotin or 2F5 
epitope A14 mutant-biotin negative control or MPER scramble negative control. 
Representative sensogram with mean kon, koff, and Kd measurements (N=3). Specific 
binding time courses are shown in red and black lines are the best fit curves. . Sensor 
tips were exposed for 300 seconds to wells containing m66 lineage mAbs, CH65 IgG 
negative control, or PBS. Red= best fit line; Blue= actual value for each concentration. 
M66_1533 and M66_GL are not shown because they have weak binding to MPER. 
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Figure 15: Structural threading of m66 and m66_3F1533 with MPER peptide. 

Structural threading of m66 and m66_1533 to MPER using the Rosetta protein 
modeling software. Structural analysis suggests that amino acid changes in m66_1533 
affect binding to the core ELDKWAS 2F5 epitope. m66 K58N no longer forms salt 
bridge with E in ELDKWAS). M66 Y52F abolishes hydrogen bond with W in 
ELDKWAS. Structural threading done by Kevin Wiehe, DUMC. 
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Table 2: Equilibrium and kinetic rate constants of antibody binding to MPER 

 

Antibody kON kOFF Kd 

  (X 106  M-1s-1) (X 10-4 s-1) (nM) 

m66_UCA  NB   NB   NB  

m66_YD503 1.16 ± 0.13 4.01 ± 2.11 0.36 ± 0.20 

m66_F9512 1.53 ± 0.10 2.76 ± 1.12 0.18 ± 0.08 

m66_7P513 1.42 ± 0.04 3.77 ± 0.86 0.26 ± 0.06 

m66 1.52 ± 0.25 3.75 ± 0.43 0.25 ± 0.05 

m66_3F1533  NB   NB   NB  

m66_NP1534 1.49 ± 0.12 1.95 ± 0.52 0.13 ± 0.03 

m66_DX1834 1.56 ± 0.33 2.33 ± 0.46 0.15 ± 0.04 

m66_7X 1835 0.33 ± 0.05 5.42 ± 0.30 1.68 ± 0.18 

2F5 1.37 ± 0.39 0.90 ± 0.65 0.06 ± 0.03 
aEquilibrium and kinetic values derived from three independent experiments 
collected from different sensors. The mean and SD of rate constants and Kd values 
reported for each antibody to MPR.03  
NB No Binding 
 
 
 
 
 
Binding on-rate (kon), off-rate (koff), and equilibrium constant (Kd) of m66 lineage 
antibodies binding to MPR.03 by bio-layer interferometry. The values obtained in the 
assay design described in Figure 14 were transposed onto this table to obtain the 
average and standard deviation (n=3). 
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2.4 Discussion 

A key feature of broadly neutralizing antibodies is high SHM especially in the 

variable chain region (83, 181, 214-218). Increasing antibody neutralization breadth over 

the course of infection was observed in an HIV-1 infected individual followed from 

infection to the development of CD4 bnAbs. The antibodies from this donor had 

neutralization breadth over time, and the most mature antibody, CH103, neutralized 

55% of HIV-1 isolates (181). It is unknown whether increasing mutations in 2F5-like 

bnAbs always lead to enhanced antiviral function (i.e. neutralization breadth).  

Broadly neutralizing antibodies are elicited late in HIV-1 infection and certain 

bnAb specificities, like those targeting the 2F5 epitope in the MPER, are associated with 

autoreactivity and immune tolerance (89, 185). Immune tolerance depletes most 

autoreactive B cells and consequently impairs responses to the 2F5 epitope since it 

mimics self-antigens (185). However, when tolerance mechanisms are compromised in 

autoimmunity, antibodies that target the 2F5 epitope may be generated in the germinal 

center and circulated in the periphery as in the case of Trinidad cohort individual, SC44 

(188). Understanding the maturation of bnAb specificities with known autoreactivity can 

provide insights for prevention strategies that are targeted toward the elicitation of 

broadly neutralizing antibodies. 
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Figure 16: Summary of m66 lineage activity.  

Phylogenetic tree of M66 lineage antibodies with values for neutralization in 
FcγRI expressing TZM-bl cells, and MPER binding kinetics by BLI. Autoreactivity 
shown by HEp2 stain, and BAMA AUC binding to KYNU, and AtheNA multiplex 
assay. 
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In Williams et al., a broadly neutralizing antibody lineage targeting the 10E8 

MPER region in an HIV-1 infected individual demonstrated increased somatic 

hypermutation and higher antibody avidity towards 10E8-like bnAbs (193). One 

individual with identified circulating 2F5-like bnAb activity provided a unique 

opportunity to evaluate the role of autoantigen reactivity and the development of virus 

neutralization breadth. We hypothesized that characterization of a 2F5-like antibody 

clonal lineage from peripheral B cells of a HIV-infected individual with SLE 

comorbidities would address whether reactivity to an autoantigen corresponded with 

avidity maturation and neutralization breadth. Addressing this question will provide 

some insight on the constraints that autoreactivity could impose on the development of 

broadly neutralizing antibodies in humans. 

In this study, we report on the isolation and functional characterization of a 2F5-

like antibody lineage from peripheral B cells of an HIV-1 infected individual with SLE 

comorbidities. This analysis demonstrated that possible mechanisms of antibody 

redemption/ affinity reversion limited the development of 2F5-like bnAbs in this patient. 

Antibody redemption/ affinity reversion is a newly coined concept of B cell peripheral 

tolerance whereby the B cell clone “redeems” itself by hypermutation and selection in 

germinal centers to remove self-reactivity, instead of being discarded by clonal deletion 

or receptor editing (211, 212). It is possible that mechanisms of affinity reversion/ 
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antibody redemption may have limited the m66 lineage from producing greater 

autoreactivity, but also resulted in decreased neutralization breadth. The other 

explanation for decrease in neutralization breadth of the m66 lineage could be due to 

random mutations. Overall, neutralizing antibody breadth did not increase with 

antibody maturation of this lineage.  

Other potential reasons for the loss of m66 lineage neutralization potency could 

be due to a ceiling of affinity maturation but further studies are needed to assess the 

limiting ceiling of m66 lineage HCDR3 hydrophobicity that is necessary for 2F5 and 2F5-

like antibodies to react with virion lipids to effectively neutralize HIV (97). A ceiling of 

affinity maturation for an MPER antibody lineage was previously reported in a non-

human primate study (97).  The antibody lineage DH270 described in that study had an 

accumulation of mutations that also resulted in reduced neutralization potency and 

breadth. Thus, in both humans and in the NHP model, antibodies that maintained or 

had increased affinity toward 2F5 did not result in greater neutralization. 

A ceiling of affinity maturation of affinity maturation has been reported in 

studies of easy to induce antibodies in the context of vesicular stomatitis virus (219, 220) 

and hen egg lysozyme (221). Both Roost et al, and Batista et al. report an intrinsic on-rate 

for antibodies produced during the normal course of the immune response that does not 

exceed 1010 M-1. For VSV antibodies, it is the on-rate that has a statistically stronger 
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correlation with neutralization compared to binding affinity which is still a good 

predictor of neutralization (219, 220). In the case for HEL antibodies, a minimum on-rate 

binding threshold must be met for signaling and antigen presentation through the BCR 

(221).  

We did find an association between neutralization and binding affinity, where 

higher MPER binding avidities corresponded with neutralization breadth. Alam et al. 

reported that MPER directed antibodies bind in a two-step fashion (104), where the viral 

membrane is bound first and then the transiently exposed gp41 stalk can be accessed. To 

model this interaction in in vitro neutralization assays, binding to the transiently exposed 

gp41 is assisted by the FcγRI expressed on the engineered TZM-bl cell line for virus 

neutralization (207). The m66 lineage antibodies that bound most avidly in to MPER by 

BLI (i.e. 0.1 x 10-9 range (m66, m66_YD503, m66_7P513, m66_F9512, m66_NP1534, 

m66_DX1834) (Figure 14), were capable of neutralizing virus (Figure 13). Those 

antibodies that did not bind MPER by BLI or BAMA (m66_GL, m66_3F1533) did not 

neutralize virus. Surprisingly, although one antibody in the lineage bound to MPER in 

the 1 x 10-9 range (m66_7X1835), still a strong binding avidity, it did not neutralize virus. 

In the NHP study (97) of the DH270 lineage, antibodies that neutralized virus had 

binding affinities between 0.2 x 10-9 to 8 x 10-9 for DH270 lineage Fab to MPER 

liposomes. DH270 lineage antibodies with poorer than binding affinity 8 x10-9 to MPER 
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liposomes did not neutralize virus in FcγRI expressing TZM-bl cells. The m66 lineage 

antibodies poorly neutralized or did not neutralize virus in TZM-bl cells that did not 

express FcγRI for assistance in the two-step binding(222). 

One limitation of this study is the lack of paired heavy and light chain sequences 

of the 2F5-like lineage from SC44. The antibody m66.6 is a light chain variant of m66, 

and is a potent broadly neutralizing antibody with 10-fold greater neutralization and 

greater autoreactivity than m66. The light chain somatic hypermutations may be critical 

for enhancing neutralization breadth. In our study, 454 next-generation DNA 

sequencing technology was used to sequence 2F5-like antibodies from SC44 peripheral B 

cells. 454 next-generation sequencing has a relatively long read length, but is limited by 

the lack of pairing of heavy and light chain sequences.  Illumina next-generation 

sequencing (NGS) technology aligns the forward and reverse reads as pairs and results 

in paired heavy and light chains sequences. New studies would be required to assess the 

binding avidity, autoreactivity, and virus neutralization profile of the matching heavy 

and light chain variants in the m66 lineage. 

In some HIV infected individuals, tolerance checkpoints may be impaired 

allowing the generation of MPER directed antibodies. However, the lack of increased 

avidity and neutralization to the 2F5 epitope in this individual indicates that it may be 

beneficial to limit a robust antibody response to a region on the virus with known 
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autoreactivity.  Additionally, the association of autoreactivity and neutralization breadth 

appears to be unlinked in this individual in that some of the mAbs in this lineage with 

autoreactivity lacked neutralization breadth.  In the context of autoantigen reactivity, the 

question remains on whether the required binding avidity for neutralization breadth can 

be achieved if there is an affinity ceiling for autoreactive lineages. An HIV-1 vaccine 

designed to generate MPER directed antibodies would need to either overcome immune 

tolerance barriers while raising the ceiling of affinity maturation toward gp41 (97) or 

selectively engage HIV-1 specificities that lack autoreactivity.  
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3. HIV-1 specific IgA Monoclonal Antibodies from an HIV-
1 Vaccinee Mediate Galcer Blocking and Phagocytosis 

In this chapter I characterized the in vitro antiviral activity of two HIV-1 specific 

IgA antibodies isolated from an RV144 vaccinee. This work was co-authored with Drs. 

Kwan Ki-Huang, a research associate, and Pinghuang Liu, a post-doctoral fellow in the 

laboratory at the time. I completed the binding antibody multiplex assay screening, and 

bio-layer interferometry to characterize the specificity, and produced the antibodies 

from memory B cell cultures. Drs. Hwang and Liu initially developed the methods and 

isolated HG129 and HG130 IgA from memory B cell cultures. Drs. Guido Ferrari and 

Justin Pollara supervised the antibody dependent cellular cytotoxicity assays. Matthew 

Tay ran the phagocytosis assays. Dr. Moses Sekaran and I designed and performed the 

GalCer assays together. Tam Huyn and I designed and performed the linear peptide 

microarray work together, with analytical oversight by Dr. Xiaoying Shen. The 

following text was modified from its original publication, “HIV-1-Specific IgA 

Monoclonal Antibodies from an HIV-1 Vaccinee Mediate Galactosylceramide Blocking 

and Phagocytosis,” published in Volume 92 in the Journal of Virology (2018) (223). 

3.1 Introduction 

The RV144 ALVAC/AIDSVAX HIV-1 vaccine trial demonstrated approximately 

31% vaccine efficacy (60.5% vaccine efficacy through the first twelve months after 

vaccination) (62, 224). An immune correlates analysis demonstrated that IgG antibodies 
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recognizing the first and second variable loop (V1/V2) of the HIV-1 envelope (Env) 

glycoprotein correlated with decreased risk of HIV-1 infection, whereas high levels of 

envelope (Env)-specific IgA antibodies correlated with increased risk of infection (25, 64, 

65, 119, 225). From RV144 vaccine recipients, Bonsignori, Ferrari et al. have previously 

isolated antibody-dependent cellular cytotoxicity (ADCC)-mediating IgG monoclonal 

antibodies (mAbs) directed to conformational epitopes in the first constant (C1) region, 

the V1/V2 loop and the third variable (V3) loop of HIV-1 Env and demonstrated a 

synergistic effect of C1 and V1/V2 Env-specific mAbs (163, 226, 227). We have also 

demonstrated that vaccine-induced C1 Env-specific IgA competed IgG-mediated ADCC 

activity and that the plasma HIV-1 IgA/IgG ratio in vaccine recipients correlated with 

HIV-1 risk, suggesting that vaccine-induced IgA antibodies could have attenuated the 

protective effect of ADCC-mediating IgG responses through competition for the same 

Env binding sites (64). Similarly, interference of HIV-1 Env-specific IgA with IgG-

mediated ADCC has also been suggested in the setting of HIV-1 infection (228).  

However, several lines of evidence also support the notion of a potentially 

protective effect of IgA. In a non-human primate challenge study, human dimeric IgA1 

protected from acquisition better than the paratope-matched dimeric IgA2 or IgG upon 

intrarectal SHIV challenge (175). Several animal models (174, 175) and human (165, 229) 

studies also suggested that mucosal IgA could block transcytosis in mucosal tissues.  
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HIV-1 Env- specific IgA responses have also been shown to mediate antiviral functions 

such as virion capture (175, 230), phagocytosis (44), and blocking of binding to the 

glycosphingolipid galacotsylceramide (Galcer), an alternative HIV-1 receptor (231). 

Further understanding of the potential antiviral functions of HIV-1 envelope specific 

IgA, specifically for different isotypes, forms (monomeric, dimeric, and higher molecular 

weight forms) are needed. The isolation and characterization of the functional properties 

of HIV-1 Env-specific IgA monoclonal antibodies from human clinical trials will be 

critical to address these points.  

Mucosal antibodies may impede viral transfer across mucosal surfaces by 

inducing viral aggregation, hindering viral movement in mucus, preventing 

transcytosis, engaging effector cells or reducing inter-cellular penetration through the 

epithelia, thereby limiting access to susceptible mucosal CD4 T cells and dendritic cells 

(232, 233). IgA mAbs can engage effector cells through interaction of the antibody Fc 

with FcRα on the surface of effector cells.  In fact, dimeric and monomeric IgA can 

mediate ADCC or phagocytosis by engaging the FcRα on the surface of monocytes and 

polymorphonuclear leukocytes or neutrophils.  In contrast, IgA cannot mediate ADCC 

by Natural Killer (NK) cells due to lack FcRα expression on this cell type. Previous 

studies have reported on the potential for the duality of function for pathogen specific 

IgA that is dependent on available Fc receptors: for example, Streptococcus mutans-
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specific IgA antibodies have been shown to promote phagocytic activities of activated 

human neutrophils, in which FcRα level was upregulated, but in the absence of FcRα 

expression, these antibodies could mediate blocking of complement-dependent IgG-

mediated phagocytosis by neutrophils (154). These data suggest that the antiviral 

functions of antibodies can depend on thetypes of effector cells present at the portal of 

entry for HIV and their respective FcR expression. 

One strategy by which antibodies could hinder mucosal entry of HIV-1 is 

disruption of viral adhesion to epithelial cells. Antibodies against Galcer inhibit 

epithelial cell–HIV-1 virion binding (134, 234, 235) and we have demonstrated that 

antibodies isolated from RV144 vaccinees, both IgG and IgA, with specificities to the C1 

conformational region of the HIV-1 gp120 glycoprotein could alter the Env conformation 

and disrupt Env-Galcer interactions (105).  

In this study, we characterized two native HIV-1 Env-specific IgA mAbs, HG129 

and HG130, obtained from peripheral blood memory B cells of an RV144 vaccine 

recipient and examined their ability to mediate antiviral activity in vitro. These IgA 

antibodies mediated monocyte phagocytosis and blocked HIV-1 Env glycoprotein to 

Galcer which may be effective host defense mechanisms at the mucosal portals of entry.  
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3.2 Materials and Methods 

IgA Memory B Cell Cultures. HG129 and HG130 IgA monoclonal antibodies 

(mAbs) were isolated from PBMCs of an RV144 vaccine recipient. IgG-negative memory 

B cells were isolated from frozen PBMCs by depleting CD2, CD3, CD14, CD16, CD235a, 

IgD and IgG-positive cells by magnetic activated cell sorting (Miltenyi Biotec, Auburn, 

CA). The fraction of IgG-negative memory B cells containing IgM and IgA memory B 

cells were re-suspended in complete medium containing 2.5 μg/ml CpG ODN2006 (tlrl-

2006; InvivoGen, San Diego, CA), 5 μM Chk2 kinase inhibitor (Calbiochem/EMD 

Chemicals, Gibbstown, NJ), and Epstein-Barr virus (EBV; 200 μl supernatant of B95-8 

cells/104 memory B cells) in the presence or absence of 40 ng/ml BAFF and 10 ng/ml IL-

15 (PeproTech). After overnight incubation in bulk, B cells were distributed into 96-well 

round-bottom tissue culture plates at a density of 1,000 cells/well in the presence of 

irradiated (7,500 cGy) CD40 ligand-expressing L cells (5,000 cells/well). One week later, 

cells were screened for antibody binding to HIV-1 consensus S (ConS) gp140 Env and 

constant region (C1) peptide (IRQAHCNISKEKWNK), and the positive cells were set up 

for limiting dilution to generate monoclonal cell lines.  To ensure the monoclonality of 

these cell lines, their variable heavy (VH) and light chains (VL) were amplified from the 

monoclonal cell line and analyzed for their usage of gene fragments and mutation as 
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described below. Each cell line expressed only one VH gene fragment and one VL gene 

fragment (Table 4).   

Variable Heavy (VH) and Light Chains (VL) Analysis. RNA was isolated from 

the human memory B cells expressing either HG129 IgA or HG130 IgA with the RNeasy 

mini kit (Qiagen, Valencia, CA, USA), converted to cDNA using the High Capacity 

cDNA Reverse Transcription Kit (Life Technologies, Grand Island, NY, USA). 

Productively rearranged Ig heavy and light chain variable region genes were amplified 

by PCR with published panels of 5′ primers for human VH (VH1-Ext–VH6-Ext), 

Vlambda (Vlambda1-Ext–Vlambda10-Ext) and Vkappa subgroups (204) and a 3′ primer 

for the VH IgA, lambda constant, and kappa constant regions. PCR products were 

purified using the QIAquick PCR Purification Kit (Qiagen) and sequence determined by 

the Duke University DNA Analysis facility. Sequences were analyzed using the Somatic 

Diversification Analysis (SoDA) software (236). 

Fast Protein Liquid Chromatography (FPLC) Analysis. HG129 and HG130 IgA 

purified by the CaptureSelect™ IgA Affinity Matrix were analyzed and fractionated by 

size exclusion chromatography (SEC) on a Superdex 200 column (GE Healthcare). 

SDS-PAGE and Western Blot. The IgA antibodies were fractionated on 4–12% 

Bis-Tris SDS-PAGE gels (Invitrogen, Carlsbad, CA) under reducing (4% -

mercaptoethanol, Fisher Scientific, Fair Lawn, NJ) or non-reducing conditions, stained 
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with coomassie blue dye, or transferred onto nitrocellulose filters and probed with anti-J 

chain mAb Jhis6 at 2 μg/ml and the goat anti-human IgA conjugated with alkaline 

phosphatase (Sigma Aldrich, Inc, St. Louis, MO; 1: 3,000 dilution) as the secondary 

antibody for detection. 

Bio-Layer Interferometry Assay. Biolayer interferometry (BLI) measurements 

were performed with a ForteBio OctetRed 384 instrument and streptavidin sensors at 

25°C and data analyses were performed with ForteBio Data Analysis 9 software. Some 

experiments were performed with ForteBio OctetRed 96 instrument and the 

corresponding data were analyzed using ForteBio Data Analysis 7.  The HIV-1 Env 1086 

C gp140 binding to HG129 was carried out by immobilizing HG129 IgA antibody onto 

biotin-peptide M coated Streptavidin sensors and dipping into wells containing1086 C 

gp140 at different concentrations (95.2, 47.6, 23.8, 11.9 and 5.95 nM). CH65 IgA 

immobilized sensors were used in parallel to subtract out non-specific interactions of the 

Env with the sensors. The specific binding curves were globally fitted to 1:1 Langmuir 

model to determine the on, off rates (kon, koff) and the KD value. For HG129 IgA-V3 

peptide interaction, the V3 peptide 107 (Subtype C), IRQAHCNISKEKWNK, coated 

sensors were prepared by dipping streptavidin sensors into wells containing V3 peptide 

sequences with a biotin tag (at 5 µg/ml) for 500 s. The peptide-loaded sensors were 

washed in PBS buffer (pH 7.4) for 60 s before obtaining baseline. The binding association 
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of HG129 was obtained by then dipping the sensor into wells with mAb concentrations 

ranging from 0.5 μg/ml to 10 μg/ml. The negative control gp41-specific peptide LICT 

(Biotin-GGGWGCSGKLICTT) sensors were used in parallel to subtract out binding 

resulting from nonspecific interactions with the sensors. The equilibrium dissociation 

constant (KD) was determined using data at equilibrium from each available analyte 

concentration using steady state analysis. 

Peptide Microarray. HIV-1 envelope epitope mapping was evaluated by peptide 

microarray as previously described (76, 237), with modifications. Briefly, the peptide 

arrays contain libraries of 15-mer peptides overlapping by 12 amino acids spanning the 

whole HIV-1 gp120 Env of Subtype A, B, C, D and CRF AE and AG consensus sequences 

of as well as group M consensus captured on customized microarrays. Three identical 

subarrays, each containing the full peptide library, were printed on each slide. Array 

slides were blocked for 1 hour to reduce non-specific binding, followed by a 2-hour 

incubation with 20 μg/ml IgA mAb for testing or 10 μg/ml of Cat_7B2_IgA2 

Dim (Catalent; included as positive control). The slides were subsequently incubated for 

45 min incubation with Goat Anti-Human Serum IgA, α Chain Specific (Jackson 

ImmunoResearch) that was conjugated with DyLight 649 using a Microscale Antibody 

Labeling Kit (Thermo Scientific) per manufacturer’s instructions. Array slides were 

scanned at a wavelength of 635 nm with a GenePix 4300 scanner. Images were analyzed 
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using GenePix software to obtain binding intensity values (median intensity of 

triplicates spots for each peptide). 

HIV-1 Binding Antibody Multiplex Assay. mAb specificity for HIV-1 proteins 

were evaluated on a panel of HIV-1 gp120/gp140 Env glycoproteins, linear C1 region 

and the third variable loop (V3) peptide epitopes, and V1-V2 scaffolds were measured 

by a custom binding antibody multiplex assay, as previously described (119, 194, 238). 

Positive controls included HIVIG (provided by the NIH AIDS Reagent Program) and 

7B2 IgA mAb titrations, and single-point HIV-1 IgG mAb controls CH58_IgG1 (227), 

VRC01 IgG (239), CH106 IgG (181), 2G12 IgG (240, 241), 17B IgG (242) and F105 IgG 

(243) . Blank beads and HIV-1-negative sera were used as negative controls. HIV-1-

specific antibody isotypes were detected with mouse anti-human IgA (BD Pharmingen) 

at 4 μg/ml, followed by washing and incubation with streptavidin-phycoerythrin (PE) 

(BD Pharmingen). Antibody measurements were acquired on a Bio-Plex instrument 

(Bio-Rad) with 21CFR Part 11 compliant software, and the readout was expressed as 

mean fluorescence intensity (MFI). Each test mAb was assayed at a starting 

concentration of 100 µg/ml and titrated by two-fold dilutions.  Results were reported as 

area under the curve (AUC) binding titers. 
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Binding of MAbs to the surface of HIV-1 Infected Cells. Indirect 

immunofluorescence staining with FITC-conjugated subclass-specific secondary 

antibodies (sera care/KPL, Milford, MA) was used to measure the ability of mAbs (10 

µg/ml) to bind the surface of CEM.NKRCCR5 cells (NIH AIDS Reagent Program, Division 

of AIDS, NIAID, NIH; from Alexandra Trkola (244), that were mock infected or infected 

with an infectious molecular clone virus (245) representing the 1086.C HIV-1 isolate as 

previously described (105). Final data is reported as the mean and standard deviation of 

the percentage of cells positive for mAb binding within the live lymphocyte gate for 

mock infected cells, and the live, p24+, lymphocyte gate for HIV-infected cells as 

determined using FlowJo Version 9.9.4 software (Flowjo LLC, Ashland, OR). Cells 

stained with FITC-conjugated secondary antibodies and no primary antibodies were 

used to establish the positive gates for mAb binding. 

Neutralization Assay. Neutralizing activity was measured in a TZM-bl 

pseudotyped virus assay as previously described (246, 247). TZM-bl cells were obtained 

from the NIH AIDS Research and Reference Reagent Program, as contributed by John 

Kappes and Xiaoyun Wu. 

Galcer Blocking Assay (Figure 17). Galcer-liposome binding of HIV-1 gp140 

glycoproteins was assayed by using the biolayer interferometry technique and a 

ForteBio OctetRed 96 instrument with aminopropylsilane biosensors as described 
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previously (105). For Galcer-blocking assay, Galcer-liposome binding of HIV-1 Env 

1086.C gp140 at 50 μg/ml was monitored for 30 min, and dissociation phase was 

monitored for 1 h. In parallel, Galcer-liposome binding of 1086.C gp140 (50 μg/ml) 

incubated with a 3 molar excess of HG129 or HG130 IgA was monitored. The Galcer-

liposome-binding responses (after subtracting the signal found with blank sensors) at 

the end of a 1-h dissociation phase were averaged (over a 20-s window). The % Galcer 

binding was calculated by [(B) /(A)] × 100%, where A is the Galcer binding response of 

1086.C gp140 and B is the Galcer binding response of 1086.C gp140 in the presence of a 3 

M excess of the antibody of interest. 

Phagocytosis Assay (Figure 18). Antibody-mediated phagocytosis was assayed 

as previously described (44).  Phagocytosis potency was tested against infectious 

fluorescent HIV-1CM235 virions (248, 249) and against ConSgp140 Env-conjugated 

NeutrAvidin fluorescent 1-μm beads (Thermofisher). Blood-derived monocytes were 

used as phagocytes. The monocytes were isolated from peripheral blood mononuclear 

cells (PBMCs) of HIV-1 negative healthy donors via elutriation. PBMCs from HIV-1 

negative individuals were collected with IRB approval by the Duke Medicine 

Institutional Review Board for Clinical Investigations. All subjects were consented 

following 45 CFR 46 and written informed consent was obtained by all participants. 

Positive controls included the CD4 binding site broadly neutralizing antibody, CH31  
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Figure 17: Method for Bio-layer Interferometry based Galcer blocking assay. 

Galcer liposomes loaded to sensors for hydrophobic based immobilization. There are 2 
phases of assay- association, and dissociation. During association phase, the sensor is 
dipped into well containing 1086 gp140 TF virus envelope, envelope plus mabs of 
interest, or envelope plus negative control. During dissociation phase the sensor is 
dipped into a well containing PBS. 
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Figure 18: Method for Antibody-mediated cellular phagocytosis/ 
Opsonization assay in primary monocytes. 

Phagocytosis assay in virus or antigen-coated beads complexed with 
antibody.  First step is immune complex formation of virus and antibody. Then 
incubation of primary monocyte and immune complex at 1 hour at 37C to allow for 
internalization of immune complex. Then measure fluorescence by flow cytometry. 
Phagocytosis score is the ability of primary monocytes to engulf 
immunecomplexed virus.  
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(250), in monomeric IgA2 (mIgA2) (251), IgG1, and IgG3 backbones, while negative 

controls included the anti-influenza HA antibody CH65 (252) in mIgA2 and IgG1 

backbone as well as the anti-respiratory syncytial virus antibody Palivizumab IgG1. 

3.3 Results 

3.3.1 Native HIV-1 IgA monoclonal antibodies isolated from an HIV-1 
vaccinee 

To measure vaccine-induced IgA antiviral functions, we isolated native IgA 

mAbs from peripheral blood cultured memory B cells from an HIV uninfected vaccinee 

from the RV144 clinical trial (62, 224) who had circulating IgG and IgA responses to the 

vaccine immunogens (i.e. 92Th023 gp120, A244 gp120, and MN gp120) (Table 3). This 

vaccinee did not have the HLA II alleles, HLA-DQB1*06 and DPB1*13 reported to 

modulate vaccine induced antibody responses to affect HIV-1 acquisition in RV144 

(253). IgA memory B cells from peripheral blood mononuclear cells (PBMCs) were 

enriched by negative selection and then cultured by limiting dilution to generate 

monoclonal antibody cell lines. We tested the capacity of the cytokines, IL-15 and BAFF, 

to stimulate IgA memory B cells (254). The addition of IL-15 and BAFF for seven days 

did not impact the % of IgA+ B cells (67.1% with IL-15/BAFF, 68.8% without IL-

15/BAFF); however, there was a slightly increased frequency of HIV-1 Env binding IgG-

negative memory B cells in the presence of cytokine stimulation (35.3% with IL-15 and 
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BAFF vs. 27.5% without IL-15 and BAFF). Supernatants from the memory B cell cultures 

were screened for binding to either Con S gp140 (group M consensus HIV-1 protein 

(255)) or C1 Subtype AE (the binding specificity from RV144 that correlated with 

decreased vaccine efficacy for IgA) (64). EBV-transformed B cell lines were then derived 

from culture wells with the highest binding. Two IgA1 clonal cell lines, named HG129 

and HG130, were selected for sequencing, variable heavy (VH) and light chains (VL) 

analysis (Table 4), and characterization of antiviral functions. HG129 contained the VH3-

30*02 gene segment paired with a Vλ3~27*01, had an 11-amino acid long heavy chain 

complementarity-determining region 3 (CDR H3). The mAb HG130 contained the VH1-

8*01 paired with a Vκ3-20*01, had a CDR H3 of 10 amino acids in length.  The VH 

mutation frequencies of these mAbs (3.9% for HV129 and 4.8% for HG130) were low and 

within the expected mutation frequency for vaccine-elicited mAbs as previously 

reported (256). Under non-reducing conditions, a sizeable portion of both HG129 and 

HG130 mAbs were expressed as intact monomers (160 KDa) in the antibody 

preparations (257) (Figure 19A) with a profile comparable to that of a recombinant 

monomeric influenza anti-hemagglutinin IgA control antibody (252). The higher 

molecular weight forms (i.e. >160 KDa) are multimeric forms, including dimeric IgA.  

Under reducing conditions, molecular weight analysis by Coomassie gel showed heavy 

and light chain bands at approximately 55 KDa and 25 KDa, respectively (Figure 19B).  
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Table 3: Circulating plasma HIV-1 specific IgG and IgA binding titers. 

 

  

Circulating plasma HIV-1 specific antibody binding titers to HIV-1 Envelope 
proteins and peptides were measured by binding antibody multiplex assay. Antibody titer, 
calculated as area under the curve (AUC) are shown for HIV-specific IgG and IgA at pre-
vaccination Visit 1 (V1) and 2 weeks post last vaccination Visit 8 (V8). V8 AUC values 3-
fold greater than V1 values are in bold and negative values <100 are italicized. 1Env 
proteins contain the HIV-1 sequence without herpes virus gD (258). 2CD4bs specificity was 
tested by differential binding to YU2 old core/ YU2 old core D368R and RSC3/RSC3 delta 
371(259).  3Subtype A, B and C are noted. Data are representative of two independent 
experiments.  

 

    

Vaccine 
Prime 
gp120 

Vaccine Boost 
gp120 HIV-1 gp140  

 
 CD4bs              V3 Peptides3               C1 Peptide3 

 

    

92TH 
023 

gp1201  
 

A244 
gp1201 

MN 
gp1201 

1086 
Clade C 
gp140 

Con-
sensus 
gp140 

CD4bs2 V3 
107 C V3 B V3 C C1 

BC 
C1 
AE 

IgG V1 <100 <100 <100 <100 <100 <100 543 314 153.8 325 <100 

V8 4168 4606 29300 30633 15769 <100 440 6347 3806 1978 2192 

IgA V1 <100 <100 <100 <100 <100 <100 194 <100 <100 <100 <100 

V8 106 <100 1635 566 185 <100 182 188 122 <100 <100 
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Figure 19: IgA monoclonal antibodies isolated from an RV144 vaccinee. 

(A) HG129 and HG130 IgA mAbs were purified by CaptureSelect IgA resin and 
examined by SDS-PAGE. The antibody CH65 IgA targeting influenza HA served as a 
control. Antibody forms are shown in a (A) non-reduced gel (B), reduced Coomassie gel. 
Antibodies, purified by capture select IgA resin, were analyzed by FPLC. Both dimeric 
(dIgA) and polymeric (pIgA-higher forms greater than dIgA) are present in (C) HG129 
and (D) HG130. The results are representative of three production batches. Molecular 
sizes are noted for the fractions of each antibody. FPLC done by Letealia Oliver, DUMC. 
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Due to the multiple forms of native IgA present, the preparations were also 

characterized by fast protein liquid chromatography with isolation of fractions for 

functional analysis in Figure 19B, 19D. 

3.3.2 HG129 IgA mAb Binding to HIV-1 Envelope glycoprotein and V3 
Peptide 

To determine the HIV-1 binding specificity for HG129, epitope mapping was 

performed using three independent and complementary methods: bio-layer 

interferometry (BLI), linear peptide microarray, and binding antibody multiplex assay 

(BAMA). In BLI analysis, the un-fractionated preparation of HG129 IgA (i.e. containing a 

mixture of monomeric, dimeric, and polymeric antibodies) bound avidly to the HIV-1 

1086 gp140 envelope glycoprotein (apparent Kd = 0.24nM) (Figure 20A). Next, the 

epitope specificity and breadth of HG129 IgA was evaluated by peptide microarray 

analysis to determine linear binding specificities across full HIV-1 envelope sequences 

representing multiple subtypes (i.e. A, B, C, D, AE, AG). Of the linear HIV specificities 

tested, HG129 IgA consistently bound to subtype C V3 15-mer peptide (i.e. sequence: 

IRQAHCNISKEKWNK) (Figure 20B-D) in the peptide microarray analysis and in the 

BLI assay with a KD of 3.4x10-9 M (Figure 20E).  
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Figure 20: HG129 binds HIV-1 gp140 envelope glycoprotein and clade C 
V3 peptide with evidence of crossreactivity.  

(A) Unfractionated HG129 was tested for binding to 1086.C HIV-1 gp140 
envelope by biolayer interferometry (BLI). Red lines in the BLI sensogram represent 
specific binding time courses of 1086.C gp140 at decreasing concentrations starting 
at 95.2 nM for 5 dilutions (2- fold). The black lines are the best-fit curves. The mean 
kon, koff, and Kd values obtained from the fit are shown (N=3). Specific binding time 
courses are shown in red and black lines are the best-fit curves. Binding magnitude 
plot (B) and heatmap (C) of HG129 IgA to the clade C V3 peptide demonstrate 
minimal cross-clade binding (N= 2). (D) Sequence alignment of V3 region peptides 
in the array. Numbers above amino acid (AA) sequences indicate location of center 
AA for each peptide.  (E) BLI analysis of HG129 IgA binding to a clade C V3 peptide: 
Kd values were determined by steady state analysis using binding response 
(averaged between 490 and 495 seconds during association phase) of HG129 IgA 
Peak 1 at different concentrations.  (F) Binding antibody titers for unfractionated 
HG129 IgA were measured starting at 100 µg/ml for 12 dilutions (2-fold) for binding 
to HIV-1 Env peptides. 
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HG129 IgA did not bind or bound weakly to the vaccine strain antigens, A244 

gp120 (Subtype A), 92Th023 gp120 (Subtype AE), and MN gp120 (Subtype B) and other 

HIV-1 envelope proteins (Con S gp140 (Consensus group M), 1086C Envelope gp140 

(Subtype C)) by the fluorescent bead based binding antibody multiplex. In addition to 

binding by peptide microarray and BLI, HG129 IgA bound to a subtype C V3 peptide by 

the binding antibody multiplex assay (AUC = 1839) and C1 peptide sequences (AUC= 

2098 and 558) with weaker binding to other V3 sequences (<300 AUC) (Figure 20F). The 

combined data from BLI and peptide microarray indicate that HG129 IgA has a strong 

binding avidity for the clade C V3 sequence. Notably, HG129 also bound other 

sequences more variably or weakly (i.e. C1 by the binding antibody multiplex assay) 

suggesting that HG129 also has some cross-reactive binding properties that is observed 

depending on the binding assay format. This suggests that conformational determinants 

are exposed differently among the assay formats (i.e. peptide array, protein coupled 

microspheres, and in-solution binding by BLI). Another possibility is that HG129 IgA 

was a HIV Env cross-reactive clone pre-existing vaccination or otherwise not directly 

elicited by the vaccine. The fact that the circulating antibody responses were similar pre- 

and post- vaccination for the V3 peptide (Table 3) provide support that HG129 mAb 

may be derived from a pre-existing pool of B cells. However, there is also precedence for 
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a discordance of the circulating and memory B cell response, such that the circulating 

antibodies may not fully represent the memory B cell response to antigen (260).  

3.3.3 HG130 IgA is a conformational gp120 antibody that interacts 
with the CD4 binding site.    

HG130 bound with high titers to the vaccine strain antigens (i.e. MN gp120, A244 

gp120 and 92TH023 gp120) providing evidence that HG130 was a vaccine-induced 

antibody (Figure 21A). In comparison, the circulating plasma IgA response primarily 

targeted only one of the protein boost antigens, MN gp120 (AUC= 1635), with no 

substantial reactivity to the vaccine immunogen representing the vector prime, 92TH023 

gp120 (AUC <100), and to the second protein boost antigen A244 gp120 (AUC<106) 

(Table 3). Similar to HG129, these data for HG130 indicate a potential discordance in 

circulating vs. memory B cell responses (260).  To examine potential conformation 

epitope specificities, HG130 IgA was evaluated for reactivity with multiple subtypes of 

HIV-1 Env gp120 proteins (i.e. MN gp120 (Subtype B), A244 gp120 (Subtype AE), 1086.C 

gp120 (Subtype C)) (Figure 21A).  

We next examined whether HG130 had properties of CD4bs antibodies.  HG130 

IgA bound well to the resurfaced stabilized core 3 (RSC3) protein that exposed the 

CD4bs epitope (AUC= 39,686), and the binding was decreased with the mutation at 

position 371 (RSC d371I) (AUC= 4,877) (Figure 21B-C), indicating binding to the CD4-

binding site or its vicinity. HG130 IgA also bound the YU2 gp120 wild type protein (WT)  



 

99 

 

Table 4: Immunogenetic properties of HG129 and HG130 monoclonal 
antibodies. 

Ab ID Isotype 
  
VH D JH 

HC 
Mu-
tation 

CDRH3* VL JL 
LC  
Mu-
tation 

        
CDRL3* 

    

HG129 IgA1 
  
3~30*02 3~16 1 3.9% 11 λ3~27*01 2 2.9% 

        
9 

    

HG130 IgA1 
  
1~8*01 1~1 4 4.8% 10 κ3~20*01 2 6.0% 

        
8 

    

*CDRH3, heavy chain complementarity-determining region 3 length in amino acids; 
CDRL3, light chain complementarity-determining region 3 length in amino acids. 
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(AUC= 6147) and binding was reduced with the CD4 binding-site defective 

protein YU2 gp120 D368R (AUC 3441) (Figure 21B-D). These data suggest that HG130 

IgA binding involves conformational epitopes near the region on the HIV-1 Env that 

interacts with the host cell CD4 receptor. Since there were no substantial circulating 

plasma IgA CD4bs responses, HG130 IgA may be derived from a subdominant pool of 

antibodies targeting the CD4 binding site.  

3.3.4 Infected Cell Recognition and Virus Neutralization. 

Immune correlate analysis of the RV144 vaccine trial revealed that vaccinees with 

plasma IgA specific to the C1 region of HIV-1 Env gp120 had a higher risk of infection 

(i.e. decreased vaccine efficacy) than vaccinees without C1-specific IgA antibodies (64). 

We determined whether the V3 specific cross-reactive HG129 IgA and the HIV-1 Env 

gp120 specific HG130 bound the surface of infected cells as a first step to evaluate the 

potential for blocking ADCC. We tested both HIV-1 CM235 and HIV-1 1086C to evaluate 

both a vaccine related strain and an HIV-1 strain (i.e. 1086C) that HG129 bound to by 

BLI (Figure 20). In contrast to the positive control antibodies, 7B2 IgA and CH38 IgA 

mAbs, HG129 and HG130 IgA mAbs did not bind the surface of HIV-1 CM235 and HIV-

1 1086C infected cells (Figure 22A); indicating that these antibodies do not recognize 

epitopes on the surface of infected cells and are unlikely to be capable of blocking IgG 

mediated ADCC.  
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Figure 21: HG130 is a conformational gp120 mAb that interacts with the CD4 
binding site.  

(A) HG130 IgA was titrated starting at 100 µg/ml for binding to a panel of 
cross-clade HIV-1 envelope gp120 and gp140 glycoproteins. A representative binding 
curve from four experiments is shown. Differential binding of (B) HG130 and (C) 
VRC01 and  2G12 IgG mabs to Resurfaced Stabilized Core 3 (RSC3) protein and the 
RSC3 delta371 mutant protein that abrogates the VRC01 binding site are shown. 
Differential binding of (D) HG130 IgA mAb and (E) VRC01 and 2G12 IgG mabs to 
CD4 binding site defective protein, YU2 gp120 and mutant YU2 gp120 D368R (E) 
Antibody titers (Area under the curve (AUC) (N= 4-6). 
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Figure 22: Lack of Binding to HIV-1 Envelope on Infected Cells and Virus 
Neutralization.  

(A) IgA (CH38 IgA, 7B2 IgA mAbs) and IgG (CH38 IgG, 7B2 IgG) positive 
controls bind to the surface of HIV-1 infected CEM NKR cells. HG129 and HG130 IgA 
mAbs, in addition to the negative mAb controls, CH65 IgA/IgG mAbs, do not bind to 
the surface of infected cells. Data are mean and standard deviation from two 
independent experiments. (B) TZM-bl virus neutralization for against Tier 1 and Tier 2 
viruses are shown as antibody IC50 titers in µg/ml. Values are  the antibody 
concentration (µg/ml)at which relative luminescence units (RLUs) were reduced 50% 
compared to virus control wells (no test sample). Red highlights indicate IC50 <13.5 or 
<25.  
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Next, HG129 and HG130 IgA mAbs were examined for neutralization of Tier 1 

and select Tier 2 viruses in a TZM-bl neutralization assay (247). As a positive control, we 

tested the broadly neutralizing CH31 IgA mAb (261) and two strain specific neutralizing 

antibodies as IgA mAbs: CH27 and CH28 mAb) (246).  There was no neutralizing 

activity for several HIV-1 viruses tested in a TZM-bl neutralization assay (Figure 22B) 

3.3.5 IgA blocking of HIV-1 1086.C gp140 Env glycoprotein binding to 
Galcer. 

Since RV144 vaccinee-derived mAbs were reported to block Galcer binding of 

HIV-1 Env gp140 glycoproteins (105), we tested both the V3 cross-reactive HG129 mIgA 

and HIV-1 envelope gp120 HG130 mIgA for their ability to block the Galcer liposome 

binding of HIV-1 transmitted/founder Env 1086.C gp140. Figure 23A shows the BLI 

sensogram of Galcer liposome binding of 1086.C gp140 alone and in the presence of 

antibodies CH38 IgA (positive control), CH65 IgA (negative control) and HG129 IgA. 

There was reduced binding of Galcer by 1086 C gp140 envelope glycoprotein in the 

presence of HG129 IgA compared to the presence of negative control IgA antibody, 

CH65 IgA (Figure 23A). Figure 24B compares the percent Galcer binding of 1086 C 

gp140 in the presence of IgA antibodies tested. HG130 IgA mAb did not block Galcer 

binding. As noted above, Galcer binding of 1086C gp140 was decreased by HG129 IgA 

(61% binding) which was almost as potent as that of the positive control mAb CH38 IgA 

(48% binding) (105) (Figure 24B).  
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Figure 23: HG129 IgA blocks binding to galactosylceramide (Galcer).  

(A) BLI sensogram of Galcer liposome binding of Env 1086.C gp140 alone and 
in the presence of HG129 and positive (CH38 IgA mAb) and negative antibody 
controls (CH65 IgA mAb). Data shown are representative of two experiments (N=2). 
(B) Percent binding of Galcer to 1086C gp140 in the presence of antibodies (N= 5 
independent experiments). Black line represents median value. Assay performed by 
S. Moses Dennison. 
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3.3.6 HG129 and HG130 IgA antibodies induce monocyte-mediated 
phagocytosis. 

IgA engages in FcαRI-receptor (CD89) mediated phagocytosis of pathogens by 

human primary monocytes and neutrophils especially in mucosal site where IgA is the 

primary antibody isotype (152, 153). We hypothesized that HIV-1 Env-specific IgA 

antibodies may exert antiviral function by engaging Fc-receptor mediated phagocytosis 

by monocytes. We examined antibody-mediated phagocytosis of dimeric and polymeric  

V3 specific cross-reactive HG129 mIgA and the HIV-1 envelope gp120 HG130 mIgA that 

were purified from the unfractionated IgA by fast protein liquid chromatography. 

Immune complexes comprising antibodies and either fluorescent virion (HIV-1CM235) or 

bead (ConS gp140 Env-conjugated) targets were incubated with human primary 

monocytes to allow phagocytosis to occur.  We observed that dimeric and polymeric 

HG129 IgA could mediate phagocytosis of HIV-1CM235 virions (median phagocytosis 

score = 2.5), while dimeric and polymeric HG130 IgA did not mediate phagocytosis of 

HIV-1CM235 virions (median phagocytosis score = 1.65) (Figure 24A). 

In contrast, dimeric and polymeric HG130 IgA could mediate phagocytosis of 

ConS gp140 Env-coated beads (median phagocytosis score = 2.1), while dimeric and 

polymeric HG129 IgA did not mediate phagocytosis of ConS gp140 Env-coated beads 

(median phagocytosis score = 1.0) (Figure 24B). There were no significant differences in 

the median phagocytosis score between the dimeric and polymeric IgA. These results 
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indicate that both HG129 and HG130 IgA antibodies are capable of inducing antibody-

mediated phagocytosis, albeit with differences in recognition of antigen coated beads 

and virus particles.   

3.4 Discussion 

We have identified HIV-1 specific IgA mAbs from cultured memory B cells of an 

RV144 vaccine recipient and demonstrated in vitro antiviral activity of antibodies that 

are of IgA isotype and are non-neutralizing. Unlike previously identified mAbs from 

vaccinees, these antibodies recapitulate natural IgA forms in that they exist in polymeric, 

dimeric, and/or monomeric forms with differences in binding avidity. One of these IgA 

mAbs (HG129 IgA) mediated blocking of a transmitted/founder HIV-1 Env glycoprotein 

binding to Galcer, an alternative HIV receptor on epithelial cells and both IgA mAbs 

(HG129 and HG130 IgA) mediated phagocytosis of HIV-1 targets through engagement 

of human monocytes.  

IgA antibodies can exist as monomeric, dimeric, and polymeric forms comprising 

two or more monomeric IgA antibodies covalently linked by a J chain. The most 

common form in serum is monomeric IgA while 1-11% of mucosal IgA is dimeric or 

polymeric (262). Since the forms of IgA have different avidity to antigens due to the 

number of antigen binding sites, we hypothesized that polymeric IgA would have 

greater antigen binding avidity compared to dimeric IgA (the apparent Kd values of 
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Figure 24: HG129 and HG130 IgA induce phagocytosis of virions or beads 
in primary monocytes 

Phagocytosis of IgA immune-complexed (A) infectious fluorescent HIV-1 
CM235-Tomato viruses and (B) ConS gp140 Env-conjugated 1μm fluorescent beads. 
Dimeric and polymeric fractions of HG129 and HG130 IgA antibodies were assayed 
in 3 independent experiments. For HG129 and HG130 IgA, each symbol corresponds 
to results from one antibody lot, with up to 2 replicates per antibody lot. For positive 
and negative controls, each symbol represents results from an independent 
experiment. The symbol shapes for HG129 and HG130 represent different forms of 
IgA (Dimer: circle; Polymer: triangle). Black lies indicate median results. Grey 
dashed line indicates the positive cutoff (average plus three standard deviations of 
the phagocytosis score of negative control antibodies). Performed by Matthew Tay 
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dimeric and monomeric HG129 IgA antibodies to 1086.C gp140 were <1 pM and 0.039 

nM, respectively).   

The immune correlates analysis of the RV144 vaccine trial showed that certain 

specificities of anti-HIV-1 Env plasma (monomeric) IgA correlated with increased HIV-1 

risk (i.e. decreased vaccine efficacy) by interfering with ADCC mediated by C1 region-

specific IgG (64). In contrast, IgG and IgG3 responses to the V2 region of the HIV-1 Env 

glycoprotein correlated with decreased risk of infection (119, 225). A host genetic 

analysis of the RV144 case control study revealed that the HLA class II alleles DQB1*06 

and DPB1*13 modulated the impact of vaccine induced antibody responses on HIV-1 

acquisition (253). HLA class II molecules are involved in antigen presentation to CD4+ T 

cells responsible for orchestrating anti-pathogen immunity. The vaccinee studied here, 

from whom memory B cell-derived antiviral IgA antibodies were isolated, did not have 

the HLA-DQB1*06 allele associated with increased HIV-1 risk. Consistent with the 

heterogeneity observed among individuals in the specificities and magnitude of vaccine 

elicited IgA and the modification of certain specificities of the HIV-1 IgA immune 

correlate with HIV-1 risk by certain inherited class II alleles, it is plausible that RV144 

elicited protective IgA responses in some vaccinees.  We hypothesized that other vaccine 

induced HIV-1 IgA antibody specificities that either were not specifically studied in the 

immune correlates analysis or present at subdominant levels may have antiviral 
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properties. Due to limiting concentrations of circulating HIV-1 Env IgA for detailed 

functional studies, isolation and characterization of HIV-1 Env-specific mAbs is critical 

for determining potential IgA antiviral functions.  HG129 and HG130 were derived from 

blood B cells yet mediate potentially anti-HIV responses, suggesting dual roles for Env 

IgA-reactive antibodies in the host response to HIV-1 that are dependent on location of 

the antibody secreting B cells.   

An understudied antiviral mechanism is the role of the HIV-1 Env-Galcer 

interaction in establishing initial adhesion of HIV-1 virions/infected cells to epithelial 

cells (129, 131, 134, 135, 137, 263-265). Antibodies that block Galcer-Env interactions 

could be potentially protective at the mucosal site of HIV-1 entry. Notably, C1 

conformational region-specific vaccine-induced IgG and IgA2 antibodies were shown to 

block the HIV-1 Env-Galcer interaction (105). We confirmed this finding and further 

identified and characterized HIV-1 specific IgA1 from a vaccinee that could block HIV-1 

Env binding to Galcer. Therefore, the multimeric HG129 IgA could be a potential 

candidate for blocking the binding of virions or virus-infected cells to epithelial cells in 

vivo.  

Although HG129 and HG130 were isolated from an RV144 vaccine recipient, we 

cannot definitively conclude that these antibodies were induced by vaccination. 

Circulating plasma from the RV144 recipient from which these mAbs were derived, 



 

110 

 

contained V3 and C1 peptide IgG and V3 IgA binding pre-vaccination. While HG130 

bound to RV144 vaccine strain antigens and therefore it was likely induced by 

vaccination, HG129 did not strongly bind to the vaccine strain immunogens although it 

did bind to linear Env peptides and an HIV-1 envelope (not matched to the immunogen 

strains). These findings suggest that HG129 IgA could be derived from a pre-existing 

pool of memory B cells that are reactive to HIV-1 antigens. Pre-existing clones reactive 

with intestinal microbiota can cross-react with HIV Env and be expanded upon 

vaccination (266). We cannot exclude that some denatured or otherwise modified forms 

of the immunogens not represented in our in vitro assays engaged and expanded the 

HG129 clone in vivo. Either way, we demonstrated that HG129 IgA exerted measurable 

anti-HIV functions. It is possible that sequential HIV-1 immunogens could be designed 

to engage this low affinity pool of B cells for greater HIV specificity and functional 

activity. 

Stieh et al. (267) report that Env-specific mAbs could cross-link HIV-1 virions into 

aggregates. The ability to form aggregated mAb-virion complexes was mediated by 

dimeric IgAs, but not by monomeric IgA or IgG. In our study, we did not determine 

whether polymeric HG129 antibody could induce aggregate complexes of virions. 

However, our findings that polymeric IgA can block Env-Galcer interactions suggest an 

antiviral function of polymeric IgAs that can be harnessed by vaccination. Further 
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studies are needed to identify if virion aggregation is a mechanism by which polymeric 

IgAs achieve enhanced antiviral functions.  

A number of studies support the potential key role for HIV-1 non-neutralizing 

antibodies in protection from HIV-1 acquisition (25, 26, 114, 116, 119, 268-272). Although 

the underlying mechanisms of protection by these non-neutralizing antibodies are not 

fully understood, it has been suggested that antibody engagement of 

monocyte/macrophages, a component of the innate immune response plays an 

important role in preventing HIV-1 acquisition at the mucosal site. HG129 and HG130 

IgA were both able to mediate phagocytosis of HIV-1 targets, demonstrating proof of 

concept that vaccine-elicited IgA is capable of engaging human immune effector cells for 

antiviral function. Notably, HG129 IgA was capable of mediating phagocytosis of HIV-

1CM235 virions, indicating that its cognate epitope is present on the HIV-1 virion surface. 

Thus, vaccine-elicited IgA are capable of engaging virions for antiviral activity, and may 

be relevant for vaccine-mediated protection. An HIV-1 vaccine that elicits HIV-1-specific 

multimeric IgA antibodies at mucosal surfaces may be able to limit viral transport across 

the epithelial barrier and the subsequent establishment of infectious reservoir. 

Both HG129 and HG130 IgA antibodies are non-neutralizing. Notably, although 

the HG130 mAb specificity includes conformational epitopes near the CD4bs, the contact 

sites are different than broadly neutralizing VRC01-like antibodies since the D368 
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mutation did not fully abrogate binding and HG130 was non-neutralizing.  The question 

remains on whether non-neutralizing IgA antibodies can protect from infection.  

Astronomo et al. (273) demonstrated that mAbs with known Fc-effector activities but 

lacking potent neutralizing function were not protective when tested alone or in synergy 

with other antibodies. The panel of antibodies tested included these antibodies and there 

was no protection against viral challenge in the ex vivo explant assay. Other non-

neutralizing C1 gp120-specific antibodies tested, CH54, CH57, CH90, and CH58 IgG) 

also did not block virus infection in the ex vivo explant model, nor were they protective 

in the high dose mucosal SHIV challenge. As the authors suggest, a limitation of the 

explant model is the relative frequency and distribution of monocytes, macrophages, 

and NK cells in vaginal tissue that may limit timely recruitment to efficiently engage 

with non-broadly neutralizing antibodies to prevent initial CD4 engagement. It is 

possible that a low dose intrarectal challenge could potentially tease out any in vivo 

protective activity of HG129 and HG130 or other non-neutralizing antibodies 

individually or in combination. Indeed, a recent study indicates that non-broadly 

neutralizing antibodies can be protective in vivo through antibody Fc interactions with 

FcR (110). 

In summary, we have identified vaccine-elicited IgA antibodies that bind HIV-1 

Env glycoproteins, block the Env gp140 glycoprotein binding to Galcer, an alternative 
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HIV-1 receptor, and induce monocyte-mediated phagocytosis. These non-neutralizing 

HIV-1 IgA antibodies could be a potential candidate for blocking the binding of virus-

infected cells to epithelial cells or HIV-1 transcytosis in vivo. Further studies, such as 

testing the Galcer-blocking antibody effects on inhibition of epithelial cell binding of 

HIV-1 virions and on cell-to-cell transmission of HIV-1 would help determine whether 

vaccine-elicited IgA plays a critical role in prevention of HIV transmission. Additional 

studies are needed to probe the specific binding region of HG129 and HG130 by 

generating Fabs to crystallize the mAbs in complex with gp120 core or native SOSIP 

trimer to evaluate the structure for phagocytosis activity and blocking Galcer. 

Furthermore, these antibodies could be potential candidates for passive protection trials 

for simian-human immunodeficiency virus (SHIV) challenge in nonhuman primates to 

evaluate the potential protection by HIV-specific IgA. Thus, if antibodies such as HG129 

and HG130 are proven to limit transmission in passive protection trials, then design of 

vaccine strategies to minimize plasma Env IgA and induce mucosal Env IgA responses 

would be desirable. 

4. Conclusions and discussion 
The energy propelling the scientific search for an HIV vaccine has ebbed and 

flowed for the past 30 years. One boost of excitement came about from the findings of 

the RV144 Thailand HIV-1 vaccine trial which lowered the rate of infection by a modest 
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31% compared to individuals receiving the placebo. The 31% level of efficacy was not 

high enough to deploy the vaccine outside a trial setting. But it was the first time an HIV 

vaccine efficacy trial actually showed evidence of protection and gave hope that an 

effective HIV vaccine was possible. The vaccines efficacy was due to antibody responses 

to certain regions of viral envelope proteins (25).  

Although broadly neutralizing antibodies have not been generated by an HIV 

vaccine, we have learned about these types of antibodies from natural HIV infection. 

The isolation of antibody 2F5 targeting the membrane proximal external region and 

follow-up studies on its specificity has taught us that rare 2F5-like antibodies are not 

produced due to mechanisms of immune tolerance that deplete autoreactive B cells. I 

have charted the development of 2F5-like antibodies in an HIV infected and SLE 

comorbid individual whose immune tolerance checkpoints are expected to be breached. 

I found that there was a ceiling of affinity maturation where additional mutations after 

the most potent neutralizing antibody did not result in better neutralization.  

Other considerations for a HIV-1 vaccine include generating protective antibodies in the 

mucosa 

4.1 Development and mechanisms of protective humoral 
immunity to HIV-1 

The “Evolution of a neutralizing antibody clonal lineage in a patient with 2F5-

like broadly neutralizing antibodies” sought to address whether autoantigen reactivity 
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is a precursor to the development bNabs in HIV-1 infected individuals. In some 

individuals, the development of bNab activity is associated with reactivity to 

autoantigens. Studies by Liao et al describe the CH103 CD4 binding site bNab isolated 

from an HIV-1 infected individual with no evidence of SLE. As antibodies in the CH103 

clonal lineage acquired more mutations, the antibodies developed neutralization 

breadth concurrently with autoreactivity with a number of autoantigens including 

dsDNA. Bonsignori et al reported on monoclonal HIV-1 bNab CH98 isolated from a 

HIV01 chronically infected individual who developed SLE after HIV-1 diagnosis. CH98 

is a CD4 binding site mAb that reacted with dsDNA at levels comparable to CH103.  

Shen et al describe subject SC44 from the Trinidad Cohort (Clade B infection) 

who developed 2F5-like bNAb plasma activity with plasma dsDNA, Jo-1 autoantigen 

reactivity. Later, Zhu et al, isolated m66 by phage display library from SC44 peripheral 

blood mononuclear cells (PBMC’s) using a 2F5-epitope hook. M66 was not a broad 

neutralizer, only neutralizing some viruses with assistance of cells engineered to express 

FcγRI for binding the transiently exposed MPER and was not polyreactive. These 

studies highlight that in some individuals, the development of bNab activity is 

associated with reactivity to autoantigens.     
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4.2 Significance of findings for viral immunity 

There are a number of studies on non-HIV viruses for which the findings from 

this thesis can be applied. The work outlined in this thesis gives insights into 

understanding the role of  impaired tolerance control mechanisms in viral 

immunity(274). Previous studies on the fine specificity of Ro antibodies in SLE suggest 

that vesicular stomatitis virus might be involved in anti-Ro response or in the 

development of autoimmunity (275, 276). Other studies examined a relationship 

between reactivity to viral nuclearcapsid protein and Ro (274). They found that 

antibodies against VSV proteins were more common in SLE patient sera compared to 

non-SLE patients who were VSV infected.  

In addition, this work opens discussion on the role of binding antibody (non-

neutralizing antibody) function in protection for the host against viral infection. In 

rotavirus, neutralizing antibodies directed against the vp4 or vp7 attachment protein are 

usually responsible for protection in hosts. But nonneutralizing IgA antibodies directed 

against the vp6 capsid protein also protect by inducing a conformational change in the 

vp6 trimer that make the particle transcriptionally incompetent, and preventing the 

elongation of initiated transcripts analyzed by electron microscopy (277). The work 

outlined in this thesis highlights the potential protection by IgA antibodies particularly 

highlighting the specificity of the antibody and its various effector functions.  
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The structure of IgA vs IgG plays a role in protection against pathogens. A study 

by Muramatsu et al, examined antiviral influenza virus A activity of IgA and IgG 

antibodies obtained from hybridomas of the same origin (278). The cell line produced 

polymeric IgA. There were no significant differences in their HA-inhibiting and 

neutralization potency against the H3 virus, but in the other virus types tested IgA was 

more potent in mediating neutralization compared to IgG (278). The influenza-specific 

IgA suppressed the extracellular release of virus from infected cells compared to the HA. 

These studies by Muramatsu and the work outlined in this thesis suggests that 

polymeric IgA may be a desirable antibody for effector functions especially at the 

mucosal sites.  

4.3 Future directions for vaccine elicited non-neutralizing 
antibodies 

The work here shows the characterization of in vitro antiviral functions of IgA 

antibodies isolated from an RV144 vaccinee (Chapter 3). One of these isolated 

antibodies, HG130 IgA, bound to HIV gp120 and has differential binding to the CD4 

binding site and we have confirmed its binding fidelity using a number of different 

methods. The other antibody, HG129 IgA bound a linear 15 amino acid peptide of the 

variable loop 3 (V3) at position 107. Although this antibody binds to linear V3, at 

peptide 107, I have also observed promiscuous binding to linear C1 (HIV Clade BC) and 

to the trimer 1086 (Clade C). I worked with structural biologist, Dr. Nathan Nicely on 
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the co-crystal structure of HG129 Fab with V3 peptide 107 to ascertain HG129 binding 

fidelity to V3, and to determine how HG129 interacts with V3 to mediate these antiviral 

functions. 

Although we covered a fairly wide range of experimental conditions and crystal 

screens, we were unable to recover crystals for HG129 unliganded or liganded with V3 

peptide 107. If we received additional funding to continue more crystallization 

experiments, we would approach with a different strategy. For example a better-binding 

peptide could be determined by walking some residues N- or C-terminal to peptide 107 

to obtain optimal binding affinity. Also,  shortening or lengthening the peptide would 

allow for a more stable interaction for better crystal production. Perhaps, instead of 

peptide, the next step would be to test binding to tertiary or quaternary structures. 

HG129 blocked binding to alternative HIV-1 receptor GalCer using 1086C gp140 

proteins and bound to 1086C gp140 only by BLI. Perhaps a range of gp140 proteins 

should be tested by BLI for binding to HG129 IgA, to obtain a quaternary structure for 

crystallizing in bound HG129. A successful crystal structure of HG129 in its bound form 

with the ligand would ascertain the HG129 binding fidelity. This would potentially 

inform immunogen design for driving the induction of protective antibodies with fine 

specificity for particular epitopes. 
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4.4 Future directions for 2F5-like bnAb lineage for evaluation of 
lipid reactivity. 

For MPER directed antibodies, it is the ability to bind lipid that is critical for their 

neutralizing function. Questions remain on whether the m66 lineage affinity maturation 

ceiling is due to binding to MPER or lipid. In this study, I have shown that for the m66 

lineage, there is a potential ceiling of affinity maturation where accumulation of 

mutations after the most potent neutralizing antibody (m66) did not result in greater 

antibody neutralization breath (Figure 13). MPER directed antibodies have neutralizing 

functions due to the binding of lipid. There are a number of studies to be completed to 

address this question including the following : 1) determine the relationship between 

VH percent mutation frequency and on rate of MPER binding, 2) epitope mapping for 

fine specificity, 3) lipid binding (cardiolipin and phosphotidyl serine), 4) MPER 

liposome binding, and 5) hydrophobicity of CDR3 loop. The following will be discussed 

with experiments and some possible outcomes in comparison with the non-human 

primate study of DH570 lineage of gp41-directed bnAbs by Zhang et al (97), where a 

ceiling of affinity maturation was observed where accumulation of mutations after the 

most potent neutralizing antibody in the lineage did not result in greater neutralization 

potency. 

The relationship between VH % mutation and on rate of MPER binding can be 

generated with the existing data that has been completed. In the NHP study of the 
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DH570 lineage(97), Zhang et al, demonstrated no correlation between percent mutation 

and binding to MPER liposomes. The mutation frequency of the most mutated antibody 

in the NHP lineage is 21.3% (DH570.21), which did not neutralize virus, reverted back to 

the kinetic rates of the DH570 UCA for MPER liposome binding. The m66 lineage 

antibodies are not quite as mutated compared to the DH570 lineage antibodies. The m66 

lineage mAbs whose VH was isolated at the 11-month timepoint are between 3.1- 3.8% 

mutated compared to the m66 UCA. 4 out of 4 of the mAbs obtained at the 11-month 

timepoint neutralize virus. As more mutations accumulate, the antibodies obtained at 

the 25-month timepoint are between 7.1- 8.4% mutated compared to the m66_UCA. 2 

out of 4 of the mAbs obtained at the 25-month timepoint neutralize virus. This means  

that it is possible that there is an inverse relationship between %VH mutation and 

neutralization for the m66 lineage. 

 

The epitope mapping for fine specificity of the m66 lineage antibodies for MPER 

would give insight into critical residues for binding over time. For the epitope mapping, 

the m66 mAbs would be screened by ELISA for binding specificities to biotinylated 

MPER peptide MPER03 (KKKNEQELLELDKWASLWNWFDITN-WLWYIRKKK-biotin). 

To fine map the m66 lineage binding sites, alanine mutants of the MPER03 peptide 

would be tested for binding in a surface plasmon resonance (SPR)-based assay. The m66 
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lineage mabs with the highest binding to MPER (m66, m66_YD503, m66_F9512, 

m66_7P513, m66NP1534, m66_DX1834 (Figure 14) would require the DKW664–666 core and 

two additional upstream residues not required by 2F5, (L660,663). This is expected due to 

previous observations by Zhu et al of m66 ((192)) for 2F5 alanine scanning mutants and 

the similar avidity in binding between m66 and these mAbs. The m66_3F1533 and 

m66_UCA mabs which do not bind MPER (Figure 14), will not bind any of the MPER 

alanine mutants produced, therefore a KD of zero would be reported for each mutant.  

The mAb m66_7X1835, with its weaker affinity for MPER compared to m66 (0.1X10-9 vs 

1.0X10-9), will probably require the DKW664–666 core, L660,L663, and additional MPER 

residues. These results would give insights on the changes of the lineage over time and 

the divergence from neutralizing activity. These differences in the fine specificity may 

contribute to the differences observed in their neutralizing activity. 

MPER targeting bnAbs 2F5, 4E10, and 10E8 bind MPER (89, 279) use their 

hydrophobic HCDR3 to bind virions in a two-step model where the first step is binding 

to lipid on the virion membrane and the second step is stable docking of the bNab to 

MPER after CD4-induced exposure(82, 104, 280). A lipid binding assay would determine 

whether the m66-lineage antibodies bind lipid, similar to their 2F5 counterpart. Lipid 

insertion propensity, a measure of amino acid hydrophobicity, was shown by Ofek et al 

(281), to be correlated with 2F5 neutralization. Lipid insertion propensity is calculated 
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using the MPEx (Membrane Protein Explorer) software program as a sum of ΔGwif, the 

free energy of transfer of an amino acid from water to POPC interface. In the NHP 

DH570 lineage, the lipid insertion propensity of the HCDR3 and LCDR3 are significantly 

more favorable for neutralizing members of the DH570 clonal lineage than 

nonneutralizing members.  

It is possible that based on the HCDR score, m66, m66_YD503, m66_F9512, 

m66_7P513, m66NP1534, m66_DX1834 have a similar hydrophobicity score and 

therefore would bind lipid at a similar propensity. The m66_3F1533, similar to the 

m66_UCA does not neutralize virus, and therefore may have an unfavorable lipid 

propensity score. M66_7X1835 binds MPER but does not neutralize virus and should 

have a poor lipid insertion favorability. Similar to the DH570 lineage, it is likely that 

antibody capacity to interact with lipid is as essential for neutralization by m66 as it is 

for the DH570 lineage and 2F5 bnAbs.  

MPER peptide-liposome binding of MPER-directed bnAbs mirrors bnAb binding 

to virions(82, 104). Studies by Alam and colleagues have shown that MPER bNabs bind 

both MPER peptide liposomes (and HIV virions) in a two-step manner (82, 104). The 

MPER liposome assay would be performed in a Biolayer Interferometry format using 

aminopropyl silane (APS) sensors to capture MPER liposomes and then dipped into 

varying concentrations of antibody after blocking of lipid-anchored sensors in BSA. I 
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completed binding affinity experiments on the m66 lineage to soluble MPER (in the 

absence of liposome), with binding association and dissociation rates to MPER (Figure 

14).  

Previous studies by Ofek et al, have evaluated 2F5, and the more potent 

neutralizing antibody light chain variant m66.6 for binding to liposomes. 2F5, and m66.6 

bind both soluble MPER, and compete for binding to the peptide-liposome bound MPER 

in competition with gp41 MPER. Although m66 WT was not tested for binding to lipid, 

Ofek et al focused the lipid analysis on m66.6 which shares an identical HCDR3 as m66, 

but has a wider breadth of virus neutralization.  The m66.6 WT binds MPER peptide 

liposomes and soluble MPER. In addition mutations at four residues at the distal tip of 

m66.6  HCDR3 were introduced to alter hydrophobicity, where substitutions to 

hydrophobic amino acids enhanced m666-mut binding to liposome, and substitutions to 

hydrophilic amino acids decreased binding to liposome. Little change in binding of m66 

to soluble MPER was observed for the amino acid changes. There is a correlation 

between m66.6 hydrophobicity (free energy) and the HIV-1 neutralization, although 

HCDR3 mutations that increased m66.6 hydrophobicity in the context of MPER-

liposome binding, did not change virus neutralization. Taking all of these results 

together from Ofek et al, means that it is possible that the m66 lineage mAbs bind lipid 

at varying abilities. M66 is expected to bind lipid because m66.6 binds lipid based on the 
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favorable lipid insertion propensity for m66.6. If the antibodies in the lineage have 

mutations that decrease the hydrophobicity of m66, then it accounts for the poor virus 

neutralization by some antibodies in the lineage. For example, m66_3F1533 and 

m66_7X1835 have mutations in their HCDR that decrease their hydrophobicity, 

therefore it is predicted that these antibodies would not have a favorable lipid insertion 

propensity, or bind MPER-liposomes. Interestingly, these two antibodies do not 

neutralize virus (Figure 13), nor bind MPER (Figure 14).  I would also calculate the 

association rate (KON, on-rate) and dissociation rate (KOFF, off-rate) of the m66 clonal 

lineage binding to MPER peptide-liposome. It is expected for m66, m66_YD503, 

m66_F9512, and m66_7P513 to bind MPER liposomes based on their sequences, they do 

not have mutations that greatly decrease their hydrophobicity compared to m66. These 

antibodies may have similar KON and KOFF values. The other antibodies (whose VH 

sequences were obtained at 25 months post infection) may have weaker binding to lipid 

compared to m66 because they all have mutations that decrease their hydrophobicity.  

Once the binding affinity for MPER liposomes, and the lipid insertion propensity 

of the m66 clonal lineage are obtained, the bnAb maturation of 2F5 and its unmated 

common ancestor (UCA), the non-human primate DH570 and its UCA, and the m66 

clonal lineage and its UCA can be compared using the association rate. 
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4.5 Affinity reversion/ affinity redemption of m66 lineage 

In addition to the immune tolerance mechanisms of deletion, anergy, and 

receptor editing, recent studies have introduced the concept of affinity reversion/ affinity 

redemption(212, 282), a process by which anergic B cells can be “redeemed” by 

hypermutation and selection in germinal centers to remove self-reactivity, instead of 

being discarded by clonal deletion or receptor editing(212). 

It is possible that the decrease in neutralization breadth over time of the 2F5-like 

m66 lineage may be due to antibody reversion/affinity redemption or could be due to 

random mutation events where the antigen driving specificity was non HIV-specific. 

The m66 lineage was weakly reactive to self antigens and some antibodies in the lineage 

neutralized virus only with the use of TZM-bl cells that express the FcγRI receptor 

providing a kinetic advantage for accessing the transiently exposed MPER epitope. If 

affinity reversion/antibody redemption is at play, then this mechanism limited the m66 

lineage from generating greater neutralization breadth, and greater autoreactivity.  

Since the HIV-1 infected individual from which m66 was isolated (SC44) had 

evidence of an autoimmune antibody response(13), it is possible that mildly autoreactive 

antibody-producing B cells to escaped from the bone marrow and entered the germinal 

center. Rather than deletion of these antibodies by receptor editing or clonal deletion, the 

m66 lineage antibodies may have undergone antibody redemption/ affinity reversion to 
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keep these mildly autoreactive, and neutralizing antibodies in the periphery. The 

tolerance mechanisms controlling bnAb induction have been well studied in the 2F5 VDJ 

+ VJ mouse model. The concept of affinity reversion/ antibody redemption has described 

for the 2F5-like DH570 lineage in non-human primates (97), 2F5 KI mice (282), and in 

transgenic mice that constitutively express hen egg lysozyme(212).  

To determine whether the m66 lineage mAbs underwent affinity reversion/ 

antibody redemption, the sequence of the m66 lineage mAbs should be examined to 

evaluate which mutations would abrogate binding to self-antigen kynureninase at the 

DKW epitope in ELDKWA. The hCDR2 of m66 binds ELDKWA (192, 281), and the exact 

region of the hCDR2 is known for binding MPER. The hCDR region that binds MPER 

can be examined for mutations to determine whether the hCDR2 sequence region is 

more mutated than would be expected by chance. Broad neutralizing antibodies have 

high rates of somatic hypermutation, but the high rate of somatic hypermations is not a 

main feature of neutralizing (not broadly neutralizing) antibody lineages. 

4.6 Implications for vaccine design 

The question then remains on how to raise the ceiling of affinity maturation to 

overcome affinity reversion/ antibody redemption. Some hypothesize that vaccination 

with regimens designed to transiently dampen immune tolerance control may be 

required to raise the ceiling of affinity maturation. CD4 T follicular helper (TFH) cells 
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drive affinity maturation in germinal centers (155, 283). Verkcozy et al, reported that in 

mature 2F5 bnAb knock-in mice, MPER peptide-liposome–driven T cell helps select for 

non-MPER and nonneutralizing antibodies(282). In fact, CD40L deficient 2F5 KI mice (T 

cell deficient 2F5 KI mice)  elicit T independent BnAb responses that expand and activate 

B cells specific for the 2F5 nominal MPER-gp41 epitope (ELDKWA)(282). The ceiling 

could be raised by using tolerance checkpoint inhibitors that transiently relax immune 

tolerance.  

The potential for producing 2F5-like bnAbs could be heightened by transiently 

relaxing immune tolerance control. This is the concept of Vaccine Transient Immune 

Modulation (VTIM) to transiently reduce the physiological limits set on bnAb 

production to enhance the potential of HIV-1 vaccines(284). Central tolerance 

mechanisms are apoptotic deletion, receptor editing, and anergy (90). AID and MyD88 

are required for central B cell tolerance and intracellular TLR signaling by intracellular 

acidification(285-287). The intracellular acidification by hydroxchloroquine results in 

relaxed B cell tolerance as evidenced by increased numbers of mature and developing B 

cells in 2F5 KI mice(284). These findings illustrate that use of chloroquine is a possible 

method for raising the ceiling of affinity maturation by increasing the size of bnAb 

populations available for expansion in response to vaccination(284). 
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4.7 Concluding remarks 

            The work here outlines potentially protective functions and immune responses to 

consider when designing an HIV vaccine. Developing safe, effective, and affordable 

vaccines that can prevent HIV is a high research priority but an effective campaign 

against HIV would incorporate treatment as prevention, circumcision, pre-exposure 

prophylaxis, and educating the population on behavioral strategies. At the same time we 

must be optimistic about the research and findings to date since the RV144 Thailand 

HIV vaccine trial to increase efficacy from 31% to even more than 90% efficacy. This can 

be possible with the continued work outlined in this thesis that aims to understand the 

fundamental immune mechanisms of B cell antibody persistence when autoimmunity is 

a determinant in HIV-infection outcome; and the antibody specificities and effector 

functions that may potentially protect the host during HIV infection. The findings from 

this study should be considered for safe and effective HIV vaccine approaches.  
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