
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Contents lists available at ScienceDirect

Virus Research

journal homepage: www.elsevier.com/locate/virusres

Review

Brief introduction of current technologies in isolation of broadly
neutralizing HIV-1 antibodies

Zehua Suna,⁎,1, Lixin Yanb,⁎,1, Jiansong Tangc,1, Qian Qiana, Jerica Lenberga,d, Dandan Zhue,
Wan Liub, Kao Wuf, Yilin Wangg, Shiqiang Luh,⁎

a Department of Medicine, National Jewish Health, 1400 Jackson Street, Denver, CO, 80206, United States
b Harbin Medical University Affiliated 2nd Hospital, 246 Xuefu Road, Harbin, 150086, China
c Department of Technical Specialist, China Bioengineering Technology Group Limited, Unit 209,Building 16W, Hong Kong Science Park, Shatin, NT, HK, 999077, Hong
Kong
d Augustana University, 2001 S Summit Avenue, Sioux Falls, SD, 571977, United States
e Department of Integrative Biology and Pharmacology, University of Texas Health Science Center, Houston, TX, 77030, United States
f Glyn O. Philips Hydrocolloid Research Center at HUT, Hubei University of Technology, Wuhan 430068, China
g University of California, Irvine. 100 Pacific, Irvine, CA, 92618, United States
h AIDS Institute, Faculty of Medicine, The University of Hong Kong, No21 Sassoon Road, 999077, Hong Kong, Hong Kong

A R T I C L E I N F O

Keywords:
Technology
Monoclonal antibody
Phage/yeast display
Neutralization
Single-cell sorting

A B S T R A C T

HIV/AIDS has become a worldwide pandemic. Before an effective HIV-1 vaccine eliciting broadly neutralizing
monoclonal antibodies (bnmAbs) is fully developed, passive immunization for prevention and treatment of HIV-
1 infection may alleviate the burden caused by the pandemic. Among HIV-1 infected individuals, about 20% of
them generated cross-reactive neutralizing antibodies two to four years after infection, the details of which could
provide knowledge for effective vaccine design. Recent progress in techniques for isolation of human broadly
neutralizing antibodies has facilitated the study of passive immunization. The isolation and characterization of
large panels of potent human broadly neutralizing antibodies has revealed new insights into the principles of
antibody-mediated neutralization of HIV. In this paper, we review the current effective techniques in broadly
neutralizing antibody isolation.

1. Introduction

Antibody responses to neutralize human immunodeficiency virus-1
(HIV-1) are mediated by direct binding to viral spikes, which are tri-
mers composed of glycoproteins gp120 and gp41 (Pincus et al., 2017a;
Pincus et al., 2017b; Blair et al., 2007; Morris et al., 2000; Micoli et al.,
2000; Pegu et al., 2017; Haynes and Mascola, 2017; Liao et al., 2004;
Brodine et al., 2003; Ward and Wilson, 2017; Debnath et al., 1994;
Moore et al., 1993). GP120 with the attachment of virus particles to the
target cells, and the gp41 engages in virus-cell fusion (Durham and
Chen, 2016; Desai et al., 2015; Dale et al., 2011; Bieniasz et al., 1997;
Rausch et al., 1990). While successful in-vitro, recombinant gp120 has
failed to generate cross neutralizing antibodies in vivo possibly due to
the natural conformation of gp120 (Prevost, 2017; Wang et al., 2016;
Doores et al., 2015; Doores et al., 2010; Zhou et al., 2010; Wu et al.,
1997; Watkins et al., 1996; Robert-Guroff et al., 1992). Monoclonal

antibodies were first generated in mice in 1975 using a hybridoma
technique (Patke et al., 2017; Holzlohner and Hanack, 2017; Bhatia
et al., 2016; Pogson et al., 2016; Abusneina and Gauthier, 2016;
Milstein, 1999), and were subsequently accepted globally by manu-
facturers. Now, it is well understood that rodent and murine derived
antibodies are immunogenic in humans; when binding to antigens
within the human body, the complexes can be recognized as im-
munogenic agents. To solve this problem, human equivalent forms were
generated from rodent or murine antibodies, known as humanized
antibodies (Pardi et al., 2017; Wiehe et al., 2017; Rothenberg, 2016;
Bhowmick et al., 2016; Hamanoue et al., 2016). In recent years, new
techniques have evolved to isolate human monoclonal antibodies
against HIV-1 directly which offer an advantage of reduced im-
munogenicity.

A panel of HIV-1 specific potent broadly neutralizing antibodies has
been isolated in recent decades. The first generation antibodies, 2F5,
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2G12 and 4E10, were used in combination for passive immunization
(Morris et al., 2014; Mehandru et al., 2004; Armbruster et al., 2004). A
second generation antibody, IgG b12, was observed to neutralize nu-
merous virus isolates with IC50 in nM level (1 nM is equal to about
0.15ug/ml) for the first time (Li et al., 2017; Bunnik et al., 2010; Ashish
et al., 2010; Zwick et al., 2003; Sun et al., 2015). The new generation of
potent broadly neutralizing antibodies, including VRC01-class anti-
bodies, NIH45-46, PG9/16,10E8, BG18, IOMA, 35O22, ACS202, can
neutralize virus isolates ranging from 73% to 98% with IC50 less than
50 μg/ml, and can neutralize 59%–72% of virus isolates with IC50 less
than 1 μg/ml (Morales et al., 2016; Huang et al., 2012; Braibant et al.,
2013; Thenin et al., 2012; Ringe et al., 2012; Euler et al., 2011;
Davenport et al., 2011; Pancera et al., 2010; Wu et al., 2010; Scheid,
2015; Scheid et al., 2011).

Worth noting, broadly neutralizing antibody 10E8 neutralizes 98%
of tested viruses with geometric mean IC50 of 0.22 μg/ml. 10E8 binds
to the cell-surface envelope as opposed to phospholipids. The binding of
10E8 and MPER reveals a highly conserved gp41-hydrophobic residue
and a critical arginine or lysine just before the transmembrane region.
The breadth and potency of 10E8 demonstrates a conserved site for HIV
neutralization and potential target for HIV vaccine design (Huang et al.,
2012). The highly potent VRC01-class broadly neutralizing antibodies
(bnAbs) individually neutralize up to 90% of HIV-1 isolates. VRC01-
class antibodies are considered a sub group of bnAbs and have already
been isolated from several HIV-1 infected patients. They each neutralize
different virus isolates through the interaction with HIV gp120 CD4
binding site. VRC01-class bnAbs are derived from human VH1-2 gene
family, which occupies 2% of the human antibody repertoire. Structural
studies revealed that these VRC01-class Abs interact with gp120 CD4
binding site by mimicking the CD4 molecule; specifically the secondary
structure formed by heavy chain structure and CDR3 in light chain.
Additionally, an important deletion in CDRL1 present in many VRC01-
class Abs can facilitate the interaction with the CD4 binding site and
avoid conflict with glycan at Asn276 (N276) on loop D (Zhou et al.,
2010; Georgiev et al., 2014; Wu et al., 2015; Zhou et al., 2013). Next-
generation sequencing (NGS)-derived sequencing reveals that VRC01
lineage is comprised of at least six distinct heavy chain clades and five
light chain clades. This observation suggests that extraordinary varia-
tion in antibody immunity may only occur within a few antibody
lineages − or even a single lineage (Wu et al., 2015). Generation of an
unmutated common ancestor of VRC01-class antibodies could be a
potential mechanism for opposing HIV-1. After stimulation by virus and
co-evolution with the virus, the unmutant common ancestor has ability
to mature to bnAbs.

Human antibodies can be elicited by B cells to eliminate “foreign
immunogens” directly or indirectly. Some antibodies can be produced
to neutralize foreign antigens by various mechanisms, while some non-
neutralizing antibodies can perform effector functions such as med-
iating NK cells via antibody-dependent cellular cytotoxicity (ADCC)
(Liao et al., 2004; Lin et al., 1998; Thomann et al., 2015; Ito et al., 2009;
Mandi et al., 1982). Serum immunoglobulins produced naturally by
human immunity have been applied in passive immunotherapy against
many infectious diseases since 1990. But this approach suffers a number
of problems. Not only have these polyclonal immunoglobulins dis-
played mixed efficacies, but they also pose the potential threat of blood-
borne pathogen transmission. In addition, the resource of serum is
limited and expensive. These disadvantages limit the application of
polyclonal immunotherapy (Berry, 2017; Stevens et al., 2016; Wang
et al., 2007; Sili et al., 2003; Lang et al., 1993). Recent technology
developments have made it possible to isolate human antibodies against
HIV-1 from both in vivo and in vitro sources. These improved techniques
include display methods, Epstein-Barr virus (EBV) immortalization,
classical hybridoma procedures, and single-cell sorting followed by
molecular cloning.

2. Techniques to make human monoclonal antibodies

2.1. Hybridoma technique, B cell immortalization and microneutralization

In the mid-1970s, hybridoma technology was invented for produc-
tion of mouse monoclonal antibodies with defined antigen specificities
and neutralization activity for application in clinical therapies (Kelso
et al., 2016; Hugwil, 2013; Tomita and Tsumoto, 2011; Martin-Lopez
et al., 2007; Hencsey et al., 1996; Honda et al., 1990; Köhler and
Milstein, 1975). Hybridomas can be generated by effective fusion of B
cells and partner cells followed by screening of individual antibody
producing cells. Production of monoclonal antibody in individual hy-
bridoma cells can be easily quantified by surface plasmon resonance
imaging (Stojanovic et al., 2015). B cell hybridomas can be an im-
portant source for screening of monoclonal antibodies. High-
throughput screening is used to characterize mouse IgG antibodies;
including sub-isotypes, binding activity, and neutralizing activities (Liu
et al., 2015; Szafran et al., 2016). Fluorescent antigen can be used to
sort antigen binding hybridoma cells from a mixture as opposed to the
traditional way of screening using multi-micro well plate screening and
limiting dilution. As an extension of this technology, T cell hybridoma
was also generated (Krishnan et al., 2015). However, mouse mono-
clonal antibodies were shown to be problematic in humans due to their
immunogenic properties and low effector function. High im-
munogenicity prevented their application in humans where prolonged
dosing was required. Differences in sequence and glycosylation pattern
of the Fc region make rodent mAbs poorly effective in mediating ef-
fector functions in human (Li et al., 2006). Human B cells proved to be
difficult to immortalize using hybridoma technique (Li et al., 2006;
Cafri et al., 2013; Park et al., 1997). The primary issue was that mAbs
produced by human B cell hybridoma cells could react against self-
antigens. In addition, the lack of sufficient maturation outside of the
germinal centers and low binding affinities of mAbs derived by hy-
bridoma, meant that only 1.5% of screened clones typically reacted to
the target antigen. Due to these problems, antibody humanization was
developed as an alternative to generate human format antibodies from
rodent derived antibodies (Martin and Rees, 2016; Choi et al., 2015;
Olimpieri et al., 2015; Safdari et al., 2013; Tsurushita et al., 2004;
Ohtomo et al., 1995). Humanized antibodies are produced by methods
of genetic engineering and can potentially reduce the immune response
against non-human derived antibodies. This is done by combining the
variable (V) region binding domain of a rodent antibody with human
antibody constant (C) regions. This kind of chimeric antibody retains
the binding specificity with less immunogenicity to humans. In some
cases, the chimeric antibodies retain the effects in mediating human
complement-dependent cytotoxicity (CDC) or ADCC. It is also possible
to produce a humanized antibody without creating a chimeric inter-
mediate first. Once the precise sequences of the desired CDRs are
known, these DNA sequences can be directly cloned into antibody ex-
pression vectors with human antibody “scaffold”. A wide variety of
human antibody expressing vectors has been developed using this
method. For example, PDR12 vector is a human IgG1 antibody ex-
pressing vector which was originally used for expression of human HIV-
1 potent neutralizing antibody IgG b12. Antibody VRC01 was cloned
into a different cloning vector described previously by Tiller et al.
(Tiller et al., 2008).

Another method to immortalize human memory B cells is by
Epstein-Barr virus (EBV) mediated transformation (Lee et al., 2011;
Klein, 1996; Straub and Zubler, 1989; Ohashi et al., 2017; McLaughlin
et al., 2017; Traggiai et al., 2004). The C3b, EBV-binding receptor
positive B cells can be immortalized to generate antibodies for isolation
using single cell sorting, or can be cultured with feeder cells for further
screening or cloning. The optimized methodology is to activate B cells
using Toll-like receptor 9 (TLR9) agonist CpG DNA before or during
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EBV infection, which has been used to isolate human monoclonal an-
tibodies against various pathogenic viruses (Katsumura et al., 2012;
Bass and Darke, 2004; Sun et al., 2017). It has also been reported that
human B cells can be immortalized by transforming a retrovirus en-
coding anti-apoptotic factor B cell lymphoma 6 (BCL6) and BCL-XL in
the presence of interleukin 21 (IL-21) and CD40 ligands (Schrader et al.,
2012; Rydstrom et al., 2010; Kusam et al., 2009). This process can
trigger memory B cells to differentiate into antibody secreting cells. The
immortalization of human B cells provides a substantial resource of
human B cells for the subsequent screening. After culturing for 1–2
weeks, antibodies can be collected and isolated from the supernatant to
perform neutralization against different viruses. Immortalized B cells
can also be sorted by antigen using flow-based technology, and the
heavy and light chain genes of antibodies secreted by immortalized B
cells can then be cloned. The famous 2G12, 2F5 and 4E10 antibodies
are generated by this method (Buchacher et al., 1994). However, due to
the low efficiency of EBV-induced B cell transformation, this method
has limitation in application. Though optimization methods were stu-
died based on EBV-induced B cell transformation, the efficiency still
needs a dramatic improve (Sun et al., 2017; Lu et al., 2016;
Kwakkenbos et al., 2016). Some reports show that memory B cells can
be cultured short-term, and the supernatant can be used directly for
screening of neutralization activity in a high throughput neutralization
assay (micro-neutralization). A number of famous neutralizing anti-
bodies have been isolated based on these methods including PG9, PG16,
PGT121-128 and 10E8 (Huang et al., 2012; Ringe et al., 2012; Walker
et al., 2011; Walker et al., 2009; Falkowska et al., 2014).

HIV-1 potent neutralizing antibodies PG9 and PG16 are classic an-
tibodies isolated by microneutralization. These were originally isolated
from 30,000 activated memory B cells from one clade A infected donor
screened from approximately 1800 characterized HIV infected donors.
The memory B cells were cultured at clonal density for the purpose of
cloning antibody heavy and light chain pair from each culture well. PG9
neutralized 127 out of 162 viral isolates and PG16 neutralized 119 out
of 162 viruses with a median potency (IC50) less than 0.2 μg/ml. 10E8
is an anti-gp41 antibody isolated from 16,500 memory B cells, sorted
and cultured with IL-2, IL-21, and CD40-ligand expressing feeder cells.
10E8 neutralized 98% of the tested pseudoviruses with an IC50 below
50 μg/ml, and 72% of the tested viruses with an IC50 values below 1
ug/ml.

B cell culture and microneutralization can isolate potent broadly
neutralizing HIV-1 antibodies. However, the large scale screening of B
cells makes this method labor intensive and costly, in addition to low
yield; typically ten antigen-specific clones can be isolated out of ten
thousands of B cells (Fig. 1A and B). In current reports, EBV transfor-
mation was optimized with efficiency from 0.1%-2% to 7.8%, which
enabled the generation of immortalized B cell libraries. However the
efficiency still needs to be improved to enable greater B cell survival
(Sun et al., 2017).

2.2. Phage/yeast display

Phage display is a library method which permits screening of anti-
bodies from a large recombinant library (Falkowska et al., 2014; Boots
et al., 1997; Chan et al., 1996; Aghebati-Maleki et al., 2017; Rahbarnia
et al., 2017; Finlay et al., 2017). Antibodies can be displayed in the
form of either single chain variable fragments (ScFv) or antigen-binding
fragments (Fab). Recent reports show that single domain antibody can
also be displayed in phage display system (Duarte et al., 2016; Kazemi-
Lomedasht et al., 2016; Li et al., 2016; Rotman et al., 2015; Tang et al.,
2013). Many antibodies against different viruses including rabies virus,
severe acute respiratory syndrome (SARS) virus, Ebola virus, yellow
fever virus, hepatitis C virus, dengue virus, hepatitis A virus, influenza
virus, and HIV, have been successfully isolated using this technology.
The principle for phage display technique in isolating antibodies is to
construct a phage display recombinant antibody library first.

Recombinant antibody library can increase the diversity of antibodies
in B cell repertoires, which promotes the screening of antibodies with
novel properties (Graus et al., 1998). Antibody libraries are in general
constructed by randomly assembling antibody heavy and light chain
variable region, and through gene shuffling of the heavy and light chain
to further increase the diversity. In summary, phage display creates
greater diversity of antibodies and provides rapid and high throughput
way of screening.

M43 and m44 are HIV-1 cross-reactive human monoclonal anti-
bodies isolated from a recombinant phage display library by competi-
tive antigen panning (Zhang et al., 2012; Zhang et al., 2008; Zhang
et al., 2006; Zhang et al., 2004a; Zhang et al., 2004b). M44 is a gp41
specific cross-reactive antibody, and m43 can recognize both gp120 and
gp41. B12 is another potent neutralizing antibody isolated by phage
display from recombinant antibody libraries, and it is considered one of
the most potent neutralizing antibodies isolated by phage display, as it
can neutralize about 40% of known HIV-1 isolates (Li et al., 2017;
Mantis et al., 2007; Haussner et al., 2017; Wu et al., 2009). M43, m44
and b12 can be considered standard antibodies isolated by phage dis-
play; however the potencies are much lower than antibodies isolated by
micro neutralization, such as PG9/16 and/or 10E8.

Phage display selects antibodies in vitro, and antibodies expressed in
phage system may not necessarily represent those in mammalian cells
due to the difference in protein folding and post transcriptional mod-
ifications. It is difficult to draw direct conclusions and gain an under-
standing of the natural occurrence of antibody heavy and light chain
selection based on phage display alone (Zhang et al., 2003). To avoid
these limitations, other display methods have been developed to display
antibodies on the surface of yeast or mammalian cells, which can be
sorted by flow cytometry according to antigen specificity. This is known
as yeast surface display, which has become a powerful engineering tool
for displaying recombinant proteins on the surface of Saccharomyces
cerevisiae via genetic fusion (Traxlmayr and Shusta, 2017; Mei et al.,
2017; Andreu and Del Olmo, 2017; Sheehan and Marasco, 2015; Gera
et al., 2013; Boder et al., 2012). Yeast surface display is a eukaryotic
expression system with the capability to induce post translational
modifications on recombinant antibodies. Each yeast cell expresses
fusion recombinant proteins which allows for the application of cell
sorting for a specific antigen. Yeast display system was not only re-
ported used for isolation of antibodies, but also reported to be used in
displaying antigens and other recombinant proteins (Srivastava et al.,
2013; Guo et al., 2015). There is a panel of yeast display antigen library
which has been constructed, including yeast display H1N1 antigen
epitope library, and yeast display SIV antigen epitope library for epi-
tope mapping.

HIV-1 specific antibodies isolated by display techniques are less
potent than those isolated by micro neutralization or single B cell
sorting and cloning. However in recent studies, phage/yeast display
showed great potentials in isolating single domain antibodies from re-
combinant libraries. Single-domain antibodies are considered a sepa-
rate class of antibodies composed of antibody fragments consisting of a
single monomeric antibody domain. Single-domain antibodies allow a
broad range of applications due to their small molecular mass and size,
efficient production, and high affinity. Single domain antibodies can be
labeled using fluorescent molecules for diagnostic purpose or bio-
technological usage. With the conjunction of drug or toxin, single do-
main antibodies can also be used for therapeutic application. The most
well-studied single domain antibodies are antibody heavy-chain vari-
able domains. The DNA sequence will be optimized in order to improve
the stability. In addition to heavy-chain variable domains, there are
other types of single domain antibodies which have been studied, in-
cluding CH2 antibodies, and light-chain variable domain antibodies,
and some other forms of nanobodies (Duarte et al., 2016; Li et al., 2016;
Gong et al., 2016; Louis et al., 2014; Lulf et al., 2014; Bouchet et al.,
2012; Bouchet et al., 2011; Boudet et al., 1995).

Mammalian cell display is a powerful method for the isolation of
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antibodies in scFv format or full length IgG with high affinity. It has
been shown that single chain antibodies can be displayed on the surface
of human HEK-293T cells and used for affinity maturation (Soga et al.,
2015; Tomimatsu et al., 2013; Beerli et al., 2008). Mammalian cell
expression system ensures that all of the cellular components will be
involved in process of antibody synthesis. Isolation of human antibodies
by mammalian cell display can benefit from the advantages of mam-
malian cell expression system.Mammalian cell display relies on the
transfection of antibody expression vectors. In comparison with the
yeast display system, mammalian cell expression system allows mul-
tiple recombinant protein/antibody delivering vectors in one cell. Thus
a further modification, enrichment, and single clone isolation will be
needed for panning purposes (Fig. 1C).

2.3. Flow cytometry based single cell sorting and cloning

An important advance in antibody screening and cloning technology
is the development of single cell sorting and single cell reverse tran-
scription PCR (Ouisse et al., 2017; Evans et al., 2015; Battye et al.,
2000). Human single B cells with different antigen specificities can be
sorted by flow cytometer directly, and the original VH and VL pairing of
the antibody from single human B cells can be amplified in a high ef-
ficient way, with the requirement of relatively few cell numbers. This
methodology is quite efficient in obtaining antibody heavy and light
chain from extremely rare and highly discrete B cell subpopulations
(Fig. 1D). Memory B cells and plasma cells are ideal cell types for the
purpose of monoclonal antibody cloning due to the specificity of the
cell types. This method is always combined with single cell cloning after

flow cytometry based single cell sorting to sort the antigen specific B
cells, thus accurate probe design for sorting is essential.

The gp120 or gp41 proteins are not ideal probes, because they are
reactive with many HIV-1 antibodies, including non-neutralizing but
strong binding antibodies (Wu et al., 2010; Wu et al., 2015; Zhou et al.,
2015). One successful example of probe design in fishing potent broadly
neutralizing HIV-1 monoclonal antibodies is the agents’ pair of RSC3
and ΔRSC3. RSC3 and ΔRSC3 are computer-assisted designed for
sorting of individual B cells expressing CD4bs antibodies. The resur-
faced stabilized core 3 (RSC3) is a functional structure core of the CD4
binding site with loop deletion. RSC3 preserved the antigenic structure
of the CD4 binding site and eliminated other antigenic regions by
substitution with simian immunodeficiency virus (SIV) or non–HIV-1
residues. ΔRSC3 contains one amino acid deletion (at position 371) in
RSC3. This single amino acid mutation can knock out the function of
CD4 binding site. CD4 binding site antibodies like VRC01 and b12 can
bind efficiently with RSC3 but fail to bind with ΔRSC3. Potent broadly
neutralizing antibody VRC01 is isolated through the single B cell po-
sitive sorting by RSC3 and negative sorting by ΔRSC3. VRC01 neu-
tralized up to 90% of the tested pseudoviruses with an IC50 below
50 μg/ml, and 70% of the tested viruses with an IC50 values below 1
ug/ml (Wu et al., 2010; Wu et al., 2015; McCoy and Burton, 2017).

BG18, IOMA are another two successful bnmAbs isolated by rea-
sonable probe design and single cell sorting/cloning (Gristick et al.,
2016; Freund et al., 2017). N-glycans on the trimeric envelope glyco-
protein (Env) can be accommodated by broadly neutralizing antibodies.
An engineered crystal structures of the HIV-1 Env trimer with an ex-
posed native glycan shield of high-mannose and complex-type N-

Fig. 1. Methods currently used in human monoclonal antibody
screening.
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glycans was used to fishing out the bnmAbs. IOMA, a new CD4-binding
site (CD4bs) antibody was thus defined. The heavy chain of IOMA de-
rives from VH1-2*02, which is considered the germline gene of VRC01-
class bNAbs, but its light chain lacks the short CDRL3 which defines
VRC01-class bNAbs. BG18, BG1, and NC37 are three bNAbs isolated by
single IgG+ B cell sorting by using four different fishing agents in four
separate sorts: 2CC core, gp140YU2, a 1:1 mixture of gp14092UG37.8
(clade A) + gp140CZA79012 (clade C), and BG505 SOSIP.664 (Sok
et al., 2014; Dey et al., 2009; Yang et al., 2000; Sanders et al., 2013;
Kovacs et al., 2012). Antibody BG18 (VH4-4 and VL3-25) targeted the
glycan-V3 portion of envelope, can neutralize 64% of viruses in a 118-
virus panel tested with a geometric mean IC50 of 0.03 mg/ml. Anti-
bodies NC37 (VH1-46/1-2, VK3-20) and BG1 (VH3-49 and Vk1-49)
showed geometric mean IC50 of 0.3 and 0.67 mg/ml respectively.
NC37 can bind to a quaternary trimer epitope, the core of which
overlaps with the CD4bs, and BG1 binds to the V1V2 region.

Antigen baiting and fishing has proven quite successful in isolating
HIV-specific human monoclonal IgG expressing B cells and IgM ex-
pressing B cells from infected donors using cleverly engineered antigen
probes. Flow cytometry based single cell sorting and cloning can also be
applied in understanding the natural selection of antibodies by cloning
of antibodies in B cells from different infection stage from one donor or
B cells in the same stage from different donors. 454 deep sequencing
allows for the study of the maturation of a specific antibody population
and corresponding B cell subpopulations by the stimulation of virus
isolates in progressingstages of infection (Morris et al., 2017; Banerjee
et al., 2017; Carter et al., 2015; Karlsson Hedestam et al., 2017; Soto
et al., 2016; Stramer et al., 2016; Zhu et al., 2013; Zhu et al., 2012).

2.4. HIV-1 specific bNAbs isolation from immunized animals

The difficulty in eliciting bNAbs in immunized animals has been
concluded (Walker et al., 2011; Sanders et al., 2013; Sok et al., 2017).
The enormous antigenic diversity of the envelope glycoprotein and the
N-linked glycan shield are considered as two major points. Recent study
shows that success of rapid elicitation of broadly neutralizing anti-
bodies to HIV-1 by immunization in cows. JR-FL gp120 and BG505
SOSIP are immunized to cows, and strong immune response is ob-
served. And broadly neutralizing antibodies were isolated from per-
ipheral blood mononuclear cells (PBMCs) by sorting with biotinylated
BG505 SOSIP. The broadly neutralizing antibody NC-Cow1 displayed a
72% neutralization breadth with a potent median IC50 of 0.028 μg /ml
on a 117-virus panel tested.This study gives lights in investigating the
generation of antibodies against pathogens that have evolved to avoid
human antibody responses in animals.

3. Conclusion

In recent decades, the technology advances have allowed for spe-
cific human antibodies to be isolated directly from human B cells and/
or from recombinant libraries. These isolated human monoclonal an-
tibodies can be used in therapy because of their safety, efficiency,
specificity and tolerance in humans; thus are a powerful tool in fighting
against pathogens. Among the developed antibody isolation methods
over the last decade, it is difficult to highlight one as the sole preferred
method. Different methodology has different advantages. Display
techniques basing on recombinant library can be used for isolating
single domain antibodies with enlarged library size. But this technique
cannot provide us the information of the original pair of heavy chain
and light chain of a specific antibody. Single B cell sorting and culturing
facilitate the rapid cloning of potent neutralizing antibodies with the
requirement of large labor cost. Reasonable design of probes and the
development of native-like stabilized trimers have greatly improved
efficiency in screening of functional envelope-binding B cells. Thus it is
hard to conclude the best way to generate novel bnAbs. Combined
methods can be used in screening and isolating potent neutralizing

antibodies in order to maximize the advantages of different methods.
Meanwhile, the development of novel methodology of broadly neu-
tralizing antibodies isolation and screening are encouraged to broaden
our knowledge and enlarge the recourses of antibody classes. A pur-
posed method basing on single cell sorting and viral neutralization in-
stead of fishing agents should provide a direct and efficient way to
minimum the workload.

In addition to passive treatment and presentation, another im-
portant purpose of isolation and characterization of potent broadly
neutralizing antibodies is the functional study of neutralizing epitopes
which provides key knowledge for efficient vaccine design. Human
broadly neutralizing antibodies serve as a potential source of dis-
covering neutralizing epitopes that can be targeted to fight against
many infectious diseases and can thus facilitate the design of the vac-
cines. Antibody structure studies can provide new insights into the
mechanism of recognition of immune evasion epitopes at the atomic
level, and how antibodies mature to capture the virus mutant (Morales
et al., 2016; Wibmer et al., 2017; Rujas et al., 2016). However in recent
reports, few immunogen candidates were reported that can elicit potent
broadly neutralizing antibodies in several immunization studies. Na-
tive-like HIV-1 envelope trimers BG505 SOSIP.664 and B41 SOSIP.664
are reported to induce neutralizing antibodies against the Tier-2 virus
in rabbits, even though the potency is much weaker in comparison to
the broadly neutralizing antibodies isolated from human long term non-
progressors (Sanders et al., 2015; Bradley et al., 2016).Pre-stimulation
of B cells by heterogenous epitopes or antigens showed improved sti-
mulation of B cells in generating potent neutralizing antibodies (Yang
et al., 2015). It has also been reported that PGT121-class germline-
targeting stabilized trimer immunogens primed PGT121-like responses
in PGT121 inferred-germline knock in mice, highlighting the hypothesis
of prime-boosting and sequential immunization strategy (Steichen
et al., 2016). All these observations highlight the neutralizing anti-
bodies’ role in HIV-1 prevention. Altogether, understanding antibody
generation and function mechanisms can help to guide efficient vaccine
design and produce effective therapy.
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