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Abstract

The goal of this report was to propose a model, wherein synergy between the B-cell antigen receptor (BCR)
and toll-like receptor (TLR) signaling is involved in the selection of the B-cell precursors of HIV-1 broadly
neutralizing antibodies (bnAbs) with long heavy chain complementarity determining regions 3, from im-
mature/transitional B cells. The model predicts the involvement of Ab/HIV-1 complexes in a way that Ab
from the complex binds both BCRs and HIV-1, while on internalization of HIV-1 TLR ligands such as CpG
motifs interacts with TLR9. The result of BCR and TLR9 orchestrated signaling is a formation of somati-
cally mutated memory B cells potential precursors of bnAbs. Generated memory B cells continuously
exposed to different Ab/HIV-1 complexes can elicit specific bnAb by stochastic somatic hypermutation
rather than in the Darwinian process. This new view of the interaction between Ab/HIV-1 complexes and
immune system, leading to affinity maturation of the bnAbs in the absence of nominal HIV-1 antigen and

BCR interaction,may have implication for the vaccine designed and passive immunization. (AIDS Rev.2019;21:23-27)
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matic evolution over several years contributes that Abs
achieve the capacity to neutralize a broad range of
HIV-1 isolates. These broadly neutralizing antibodies
(bnAbs) developed between 10% and 50% of individu-

|ntroduction

During the course of natural HIV-1 infection, indi-
viduals develop antibodies (Abs) with non-neutralizing

and neutralizing capacity unable to clear the infection.
In addition, HIV-1 enormous antigenic variability! pro-
gressively destroys the immune system. However, so-
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als only after 2 or more years of chronic infections®3
while approximately 1% develop elite neutralizing
Abs*. Several key vulnerable regions of the trimeric
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HIV-1 envelope glycoprotein (Env) targeted by bnAbs
include CD4-binding site, trimer apex, membrane prox-
imal external region (MPER), gp120-gp41 interface,
and high-mannose patch®. The MPER a highly con-
served region of the HIV-1 Env gp41 subunit situated
in the context of diverse envelope states required for
HIV-1 fusion event between viral and cellular
membranes® is among the main targets for vaccine
design. Several bnAbs react with linear and partially
overlapping epitopes localized in the MPER, the most
C-terminal region of the exterior part of gp41’, only
transiently exposed in the native Env spike during
membrane fusion® when Env gp120-gp41 trimer under-
goes substantial conformational changes.

The posed goal for the HIV-1 vaccine is to reproduc-
ibly elicit potent bnAbs®. However, the past efforts to
recapitulate eliciting of potent bnAbs by vaccination
have failed'®'". The unusual traits of bnAbs might be
factors that limit their expression including long third
heavy chain complementarity determining regions 3
(HCDR3) in the Ab heavy chain', extensive somatic
hypermutation (SHM) frequencies'®, autoreactivity'
and large insertions and deletions™. In particular, the
high evolution rate of HIV-1'® prevents the antibodies
from controlling the infection'”. The findings that HIV-1
Env and host immunoglobulin (Ig) variable regions
(VH) share sequence homology and consequently the
existence of complementarity structures between anti-
HIV-1 and anti-lg Abs of non-infected individuals'®20
might be an additional obstacle in the understanding
of HIV-1 bnAbs production. At present, vaccination
protocol that can efficiently recapitulate extraordinarily
number of mutations that are acquired in HIV-1 bnAbs
during affinity maturation process is not available?".
Furthermore, an important finding is that trimeric HIV-1
Env is generally ineffective in engaging germline B-cell
antigen receptors (BCRs) of bnAbs irrespective of their
epitope target?>. The MPER epitope for immunogen
design is a challenge as long HCDR3 loops of the
MPER-directed Abs corecognize a linear sequence
segment in the highly conserved MPER and viral mem-
brane lipids?®?*. The inability of recently developed
immunogens to beside induction of Tier-2 neutralizing
activity evoke a bnAb response® may suggest that
natural infection remains the only system in which we
can decipher the parameters that drive the evolution
of bnAbs?. An additional obstacle for HIV-1 cure re-
search is T regulatory cells (Tregs) which activity in
HIV-1 infection may play a central role in shaping the
HIV-1 reservoir and compromising the HIV-specific im-
mune responses®’.

Peculiarities concerning MPER-directed
HIV-1 bnAbs

In this report, we would like to pay attention on
MPER-directed bnAbs and to suggest their develop-
mental pathway:

i. Antibodies that recognize an epitope in the MPER
of the HIV-1 gp41 transmembrane glycoprotein in
the liposome context, such as 10E8 bnAb appears
after years of chronic infection from an unmutated
common ancestor with weak MPER affinity??

ii. Anti-MPER antibodies are produced in HIV-infected
individuals although MPER immunogen is not ac-
cessible to B cells in the native Env spike® and thus
make an obstacle to explain their origin and both
design immunogens and immunization protocols

ii. Further, considerable speculation about the origin
of MPER-directed antibodies such as 10E8 was
raised due to its trait to recognize a gp41 epitope
in the membrane context not present in V gene-
reverted germline versions, suggesting that this
trait is gained only after extensive SHM?®

iv. Like other strongly neutralizing anti-HIV-1 Mabs,
MPER-specific bnAbs use long HCDR3 loops of
20-34 residues compared to the average length
of 16 residues of HCDR3 in human B cells'?

v. It appears that long HCDRS3s are generated at the
stage of VDJ recombination in immature/transi-
tional B-cell repertoire before the antigen-driven
process of antibody affinity maturation, rather than
through accumulation of insertions introduced
during the SHM process®.

Alterations in B-cell subpopulations after
HIV infection

Numerous immunologic abnormalities may arise
shortly after HIV-1 infection while progression of HIV-1
disease is associated with alterations within the B-cell
population.

HIV-1 infection is associated with increased terminal
differentiation of B cells. These plasmablasts arise
early and are maintained at abnormally high levels in
viremic individuals. However, the majority of plasma-
blasts and resting memory B cells are HIV unspecific®'.
Immature/transitional B cells are expanded in the pe-
riphery with advancing HIV-1 disease®; however, in
immunocompromised individuals vaccine can program
immature B cells to make antibodies that contribute to
protective antiviral immunity®,
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Survival of immature/transitional B cells

Immature/transitional B cells are an important target
for negative selection dependent also on the strength
of BCR signaling to self-antigens not present in the
bone marrow:

i. Due to their immaturity, they can be rescued from
cell death induced by BCR stimulation alone, by
the second signal®

ii. Positive selection of transitional B cells might be
promoted by dual BCR/toll-like receptor (TLR) 9
signals in context-dependent manner3®
In human transitional B-cells, synergism between
the BCR and TLR9 increases expression of AID,
not Ag selected, that dictates the inclusion of tran-
sitional B cells into the memory repertoire with a
modified antigen receptor suggesting that TLR9
stimulation might be T independent3®
iv. In autoimmune disorder, modestly enhanced

signaling downstream of the BCR and TLR can

promote self-reactive transitional B-cell-positive
selection®
v. A hallmark of memory B cells formed in response
of BCR-antigen interaction is that affinity of spe-
cific Abs increases over the course of affinity
maturation on reencounter with the antigen, as the
result of a Darwinian process that alternates sto-
chastic SHM®*®
For bnAbs, it is found that they are enriched for
improbable mutations being a significant barrier
for vaccine design and immunization strategy®®
vii.Studies of B-cell response during chronic HIV in-
fection showed that anti-HIV-gp140 produced by
the naive and memory B cells showed heteroliga-
tion where one combining site would bind to
gp140, whereas the other would bind to any of
several other ligands on the viral surface to in-
crease activity“C,

Vi

A model for selection of potential B-cell
precursors for HIV-1 bnAbs production

Despite enormous efforts, neither detailed pathways
promoting positive selection of precursor B cells with
the potential to produce bnAbs nor the nature of HIV-1
immunogens capable of generating protective antibod-
ies are solved. The particular problem is how bnAbs
might be produced to HIV-1 Env conserved sites that
are not accessible on the naive virion such as epitopes
in MPER of the HIV-1 gp41 transmembrane glycoprotein.

Furthermore, it is not understood how these bnAbs
gain the ability to neutralize HIV-1 by recognition of
MPER epitope in the context of the membrane. Based
on the above-presented data, we proposed a model
that at first suggests the selection mode of B-cell po-
tential precursors for bnAbs, as well as their develop-
mental pathway on activation of positively selected
B cells.

The model presented is in agreement with the pos-
sibility that HIV-specific B cells can develop directly
from immature/transitional B cells independently of
T-cell help*'. The model (Fig. 1) predicts that immune
complex formed between antibody reactive with HIV-1
genetic variants present in infected individuals play the
main role to ensure efficient trafficking and interaction
with BCRs of immature/transitional B cell as a potential
precursor of HIV-1 bnAbs. Such idiotype-specific anti-
bodies might be isolated even from normal human
sera'. In another word, polyreactive HIV-1 antibodies
by heterogeneous ligand binding or heteroligation are
capable to bind HIV-1 ligand with one combining site
while other combining site would bind BCR in Id-anti-Id
manner. According to our data'®?°, scenario might be
that both antibodies combining sites of HIV-1 reactive
antibodies bind epitope shared between HIV-1 ligand
and BCR.

Interaction of BCR and Ab/HIV immune complex
leads to complex internalization and delivery of the
virus-associated TLR ligands, such as CpG motifs to
autophagosomes, which contain endosome-resident
TLRs. Simultaneous engagement of the BCR and TLR9
triggers generation of plasma cells as well as somatical-
ly mutated memory B cells from immature/transitional
B cells, as potential precursors for bnAbs. Memory B
cells that experienced contact with Ab/HIV-1 complex-
es will on multiple encounters of the Ab/HIV-1 com-
plexes promptly proliferate and initiate the process of
SHM. Due to continuous exposure to the HIV-1 genetic
variants, immune system is under sustained pressure
to respond by producing various anti-HIV Abs. There-
fore, different Ab/HIV-1 complexes will be present in
circulation able to reactivate memory B cells that in
response to BCR and TLR signaling will trigger sto-
chastic SHM. It should be mentioned that these B cells
might be under Tregs control if they expose processed
BCR peptides as the peptide-MHC complex*? suggest-
ing that accomplishment of bnAb specificity may need
years. Thus, properties of the immune system may
control types of Abs produced rather than antigenic
epitopes*® which in HIV-1 case does not inform the
rational design of an HIV-1 vaccine.
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Figure 1. Model for positive selection and activation signals of transitional B cells. Synergistic signaling events are mediated between
B-cell antigen receptor (BCR) and toll-like receptor 9 (TLR9). Antibody from antibody-trimeric HIV envelope protein immune complex
binds BCR by the heteroligation process. Interaction between BCR and immune complex triggers endocytosis of the immune complex
containing TLRY ligand and its delivery to endosome-associated TLR9. Activation of TLR9 may govern B-cell selection and differentiation

into both plasma and memory B cells.

In sum, a more complete understanding of how
BCR and non-BCR key signals integrate and modify
the positive selection process of immature/transition-
al B cells is likely to provide valuable insights into
HIV-1-triggered antibody responses and develop-
ment of novel therapeutic interventions to elicit
bnAbs.
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