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Recent developments of high-throughput technologies are

enabling the molecular-level analysis and bioinformatic mining of

antibody-mediated (humoral) immunity in humans at an

unprecedented level. These approaches explore either the

sequence space of B-cell receptor repertoires using next-

generation deep sequencing (BCR-seq), or the amino acid

identities of antibody in blood using protein mass spectrometry

(Ig-seq), or both. Generalizable principles about the molecular

composition of the protective humoral immune response are

being defined, and as such, the field could supersede traditional

methods for the development of diagnostics, vaccines, and

antibody therapeutics. Three key challenges remain and have

driven recent advances: (1) incorporation of innovative

techniques for paired BCR-seq to ascertain the complete

antibody variable-domain VH:VL clonotype, (2) integration of

proteomic Ig-seq with BCR-seq to reveal how the serum

antibody repertoire compares with the antibody repertoire

encoded by circulating B cells, and (3) a demand to link antibody

sequence data to functional meaning (binding and protection).
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Introduction
Since the landmark discovery of antibody (or immuno-

globulin, Ig) in blood serum more than 100 years ago, we
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now know conclusively that serum is composed of a

complex spectrum of distinct antibodies (is polyclonal)

and is generated by individual B-cell clones through

extraordinary modes of genetic recombination, diversifi-

cation, and selection by antigen (antibody generator)

according to rules outlined in the paradigmatic ‘clonal

selection theory’. Remarkably, however, there had been

no way to identify, and determine the relative concen-

trations, of the monoclonal antibodies (mAbs) that com-

prise the serum polyclonal pool elicited in response to

vaccination or natural infection, until recently [1��,4��,5].

Understanding the composition of the antigen-specific

serum antibody protein repertoire, the properties (e.g.,

affinities, epitopes recognized) of the respective Ig, and

finally, the relationship between circulating Ig and the

presence of clonally expanded peripheral B cells is pro-

foundly important for the comprehensive understanding

of humoral antibody responses.

The current era of modern genomics and proteomics is

providing extraordinary new tools for examining antibody

repertoires. Next Generation Sequencing (NGS) allows

millions of B cell receptor (BCR) sequences to be

obtained in a single experiment, and NGS approaches

to studying the human antibody repertoire [6] not only

aim to aid in the discovery of elite antibodies potentially

useful as therapeutics, but also to comprehensively cat-

alogue the antibody sequences that are elicited during an

adaptive immune response [7]. Previously a limitation

with NGS, the ability to obtain the endogenous variable

heavy and light chain (VH:VL) pairs within NGS datasets

is now feasible [1��,8��,9,10]. This paired VH:VL se-

quencing represents a major breakthrough in BCR reper-

toire analysis, obviating the need for multiplexed

screening to identify functionally paired VH and VL.

NGS has also provided a stepping stone to the direct

characterization of serum antibodies (Ig) using NGS

database-driven high-resolution protein mass spectrom-

etry [1��,2,3,4��], providing a direct means to comprehen-

sive delineation of the antibody repertoire.

Two antibody repertoires: the cellular and the
serological
B cells, serum immunoglobulin, and persistence of the

antibody repertoire

The mechanisms of antibody diversification and B-cell

differentiation have been expertly reviewed elsewhere
www.sciencedirect.com
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[6,11,12] and are beyond the scope of this review. For

purposes of introduction, it suffices to state that anti-

bodies — the B cell antigen receptors (BCRs) — are com-

posed of two heavy (H) and two light (L) polypeptide

chains. Each chain consists of a constant (C) region and a

variable region (VH or VL) which encodes the site of

antigen binding. Antibody VH and VL domains each

contain three juxtaposed spans of hypervariable sequence

termed complementarity determining regions (CDRs),

and their non-covalent association forms the antigen-

binding site. CDR-H3 lies at the center of the antigen

binding site, is the most diverse in terms of sequence,

length and structures, and is typically a primary determi-

nant of antibody specificity.
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Whereas all newly formed B cells express antibody on

their surface as BCR, and subsequently emigrate from

their generative site in bone marrow to seed the periph-

ery, it is only a small minority that might ultimately

differentiate during the course of an immune response

to become memory B cells (mBCs) and an even smaller

fraction that secrete their BCR as soluble antibody. In this

regard, we can conceive of the functional antibody reper-

toire as consisting of two major components: (1) the set of

BCRs expressed on the surface of B lymphocytes, and (2)

the collection of soluble Ig found in blood and secretions,

produced predominantly (>95%) by terminally differen-

tiated plasma cells in the bone marrow (BMPCs) [13]

(Figure 1). Humoral immunity against pathogens can be
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sustained for greater than a half century, requiring steady-

state expression of serum antibodies by long-lived

BMPCs [13]. However, bone marrow specimens are often

impracticable to obtain in humans, and the vast majority

of studies that examine the human antibody repertoire

interrogate peripheral blood plasmablasts (PBs), or circu-

lating mBCs, or else all peripheral blood mononuclear

cells (PBMCs). Acutely activated PBs peak transiently in

the blood 6–8 days after antigen exposure and can be

highly enriched in B cells specific to the antigen (although

this is not always the case) whereas the mBC repertoire

represents a highly diverse record of an individual’s

immune history. Both of these peripheral B cell subsets

have been examined in a large number of studies of the

total and antigen-specific repertoire (reviewed exten-

sively in Ref. [6]).

In summary, since antibody repertoires encompass two

major components — the quiescent mBC cellular and the

PC-secreted serological — both of which are generated

during a primary response to antigen, and both of which

persist for sustained yet indeterminate life spans, it is

reasonable to ask what degree of overlap there is in the

molecular composition of these compartments. If they are

not congruent, as there is reason to think [12], then what

might be the selective mechanisms that govern their

differential recruitment, and what might be the con-

sequences to protective humoral immunity?

Antibody repertoire metrics — the clonotype
Since B cells can potentially be triggered by antigen to

proliferate, mutate, and expand to become a lineage of

highly identical cells, it is a useful metric to enumerate

antibody clonotypes. In the classical sense, a clonotype is

defined by a unique B-cell specificity [14]. However, the

earliest and still most common BCR-seq studies have

focused on the H-chain CDR-H3 region — its length,

peptide sequence, and IGHV and IGHJ gene usage

patterns — to define VH clonotype dynamics. Molecular

definitions of clonotype in this regard are typically the same

germline IGHV and IGHJ by assignment, same CDR-H3

length, and �90% peptide sequence homology. A recent

and significant innovation in BCR-seq is the development

of methods to maintain the correct pairing of the VH and

VL in the B-cell repertoire [8��,9,10]. This is achieved

through single-cell sorting, VH:VL linkage PCR per-

formed in an emulsion, and NGS. In regards to clonotyp-

ing methods, this technological advance will allow more

accurate typing of the complete VH:VL antibody clono-

type and can additionally take account of important

features in VL domains.

Finally, recent advances in the integration of protein mass

spectrometry and personalized VH:VL BCR-seq datasets

(Ig-seq) allows high-resolution measurement of the actual

antigen-specific Ig clonotypes present in serum [1��]
(Figure 1). Since affinity chromatography is used to pull
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down clonally related serum antibodies of the same

antigen specificity, the Ig-seq methodology allows all

aspects of a clonotype (binding specificity plus molecular

sequence) to be defined and validated.

Generalizable principles gleaned from normal
antibody repertoires: determinism, size, and
diversity
Natural variation within the primary repertoire

Because of the sheer size of antibody repertoires, esti-

mates of breadth and diversity are limited by sampling

and only recently have statistical approaches become

feasible, with the human peripheral B cell repertoire size

recently estimated to contain �106–107 unique CDR-H3

[15]. However, the theoretical sequence space of the

repertoire far exceeds the antibody diversity found within

an individual at any one point in time, and shared anti-

body sequences are extremely uncommon [16–18]. Yet, at

a broader level, the overall usage of the germline IGHV,

IGHD, and IGHJ segments that encode the variable

region has been shown to be unequally distributed, yet

at a very consistent ratio among individuals, indicating a

measured amount of determinism in the generation of

primary antibody diversity [15,19]. It was subsequently

shown that this determinism is due to genetic factors

intrinsic to B cells [20–24].

Unlike the antigen-specific mBC repertoire, which is very

diverse and, in the case of chronic or repeated infections,

can comprise millions of distinct clones, the serological

repertoire is orders of magnitude more restricted; this has

been documented in mice infected with West Nile virus

[25], and there is indirect evidence that these compart-

ments also differ in humans [12]. Likewise, as described

below, comparison of the antigen-specific VH gene reper-

toire of transient PB cells with the steady-state serum

antibody repertoire (in other words, the serological mem-

ory) has revealed that a very small fraction of the VH

clonotypes encoded by peripheral B cells are observed in

the polyclonal serum response (<5% of the VH clono-

types in the peak response PB repertoire and <0.1% in

the steady-state peripheral mBC repertoire) [1��].

The dramatic discordance between humoral immunity

and the VH gene repertoire in antigen-stimulated per-

ipheral B cells is not widely appreciated but it can be

readily illustrated with a simple quantitative analysis of

humoral immunity. For circulating antibodies to be

physiologically relevant, they have to be present in serum

at concentrations exceeding their equilibrium binding

constant, KD. Assuming an average KD of IgGs to per-

sistent antigen exposure or re-stimulation of 1–5 nM (or

approx. 0.2–1.0 mg/ml) [26] and given that serum titers to

pathogens rarely exceed 100 mg/ml it follows that the

diversity of physiologically relevant antibodies present in

the serological repertoire must be of the order of 102–103

(100 mg/ml divided by 0.2–1 mg/ml), or 3 or more orders of
www.sciencedirect.com
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magnitude smaller than the typical antigen-specific per-

ipheral mBC repertoire. In regards to an upper bound, the

total serological antibody repertoire could be as large as

106 distinct binding specificities (clonotypes) [27]. This

argument assumes that (1) the lowest Ab concentration

required for the elimination of antigen �10 ng/ml, (2)

there is 10 mg/ml total IgG in serum, and (3) each distinct

antibody is present at threshold concentration. Even at

106, this still places the serological repertoire at least 101

smaller, perhaps 103 smaller, than the cellular repertoire

by lower-bound BCR-seq estimates [15]. Proteomic anal-

yses from our lab have yielded estimates of IgG clono-

typic diversity of �104 (Schätzle and Georgiou,

unpublished observation). The discrepancy between

the peripheral mBC (and also the antigen-specific peak

response PB repertoire) and the serum antibody reper-

toire argue strongly that determination of the serological

repertoire is critical for a comprehensive understanding of

antibody-mediated protection mechanisms.

Generalizable principles gleaned from
vaccine-induced antibody repertoires:
dynamic cellular repertoires, steady-state
serological repertoires, and convergence
BCR-seq of vaccine-specific VH antibody repertoires

Almost all vaccines confer immunity through the induction

of antibodies in serum or in mucosal tissues [28]. Systematic

analysis of the antibody-mediated humoral immune

response to vaccination at high-throughput requires exper-

imental distinction between the vaccine-specific and the

total antibody repertoire in an individual. One approach to

inferring antigen specificity is to examine the dynamics in

the peripheral B cell repertoire in response to vaccination.

Laserson et al. used BCR-seq in three individuals across

2 years, analyzing 38 blood samples before and after vacci-

nation [19]. VH were selected for antibody characterization

based upon increases in NGS clone frequency and found to

be specific to the vaccine, albeit very few were of high

affinity. Jackson et al. showed a direct correspondence

between the number of clonally expanded peripheral B

cell lineages at day 7 post-vaccination and an increase in

serum titer [29��]. Jiang et al. similarly used BCR-seq

dynamics before and after vaccination to identify expanded

vaccine-specific antibody lineages within the peripheral B

cell repertoire [30�]. They found that 11 of 16 confirmed

influenza-specific VH sequences mapped to the expanded

clonotypes. Further, lineage structure analysis revealed that

elderly patients have fewer, more highly mutated IgG

clonotypes as compared to younger patients. Wu et al. also

detected higher IgG mutation in the elderly after influenza

vaccination, as well as significantly longer CDR-H3 in the

IgM and IgA lineages that were expanded at day 7 post-

vaccination [31]. In a study on age-dependent responses to

23-valent pneumococcal polysaccharide vaccine (PPSV23)

[32], BCR-seq spectratyping of IgM CDR-H3 demon-

strated that the humoral response to PPSV23 was domi-

nated by antibodies with short, hydrophilic CDR-H3s. The
www.sciencedirect.com 
older group exhibited a noticeably attenuated response to

vaccination at day 7, most likely reflective of reduced

baseline (Day 0) IgM diversity and longer CDR-H3

lengths. Clearly, these studies and others [33–35] indicate

the significance of antibody diversity and CDR-H3 charac-

teristics to the humoral immune response and support the

use of such metrics for studying vaccine efficacy. A refine-

ment of these metrics should include a transition from VH-

only BCR-seq to BCR-seq of complete VH:VL clonotypes,

as well as a quantitative exploration of their absence or

presence in the serological repertoire using Ig-seq.

BCR-seq of vaccine-specific paired VH:VL antibody

repertoires

Other, more conventional methods for distinguishing

antigen specificity include the labeling of antigen-specific

mBCs or the isolation of bulk PBs using flow cytometry

[36]. For a variety of viral infections and most immuniz-

ations, the appearance of vaccine-specific PBs is strikingly

consistent, peaking at �7 days post-vaccination or day

10 for primary vaccinations [37]. This ‘plasmablast sig-

nature’ and its predictive capacity for the magnitude of

antibody production has been observed by several

research groups [38–40]; how this might relate to the

functional quality or exact molecular nature of the end-

point serological antibody response is unknown and has

yet to be comprehensively examined, but current inves-

tigations are tantalizing [1��,29��].

As but one example, DeKosky et al. isolated tetanus

toxoid (TT) specific PBs on day 7 post-vaccination

[8��] and, using emulsion linkage PCR and BCR-seq

from 200 sorted cells, identified 86 TT-specific antibody

VH:VL pairs in a single experiment. A significant im-

provement in throughput utilizes a newly-developed,

low-cost single-cell emulsion-based technology which

flows B cells through a nozzle to encapsulate individual

B cells in lysis/PCR reaction droplets that contain mag-

netic beads for mRNA capture [41��]. Subsequent emul-

sion RT-PCR generated VH:VL amplicons are used for

2 � 300 Illumina MiSeq NGS. This method increases the

B-cell VH:VL yields 100�, to >2 � 106 B cells per

experiment with demonstrated pairing precision >97%.

This orders-of-magnitude increase in B-cell throughput

and VH:VL sequencing depth allows millions of B-cells to

be processed and interrogated in a single experiment by a

single experimentalist. Thus, an advantage of this

method is that it allows complete sequencing of all
antigen-specific B-cell VH:VL pairs within a finite col-

lected pool (e.g., day 7 PBs or total mBCs at 14 days post-

booster vaccination [36]).

Serum antibody proteomics (Ig-seq) of vaccine-specific

antibody repertoires

It is now also possible to identify affinity-purified serum

antibodies using high-resolution proteomics [1��,2,3,4��].
The goal of serum antibody proteomics, or Ig-seq, is to
Current Opinion in Chemical Biology 2015, 24:112–120
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systematically identify the distinct antibodies present in a

serum sample, as assayed using protein tandem mass

spectrometry (Figure 1). The mass spectra data are inter-

preted in reference to a personalized BCR-seq database

derived from the same donor. This process can be sim-

plified to the quantitation and sequence determination of

CDR-H3 peptides. The remaining sequence of each

antibody can then be retrieved from the BCR-seq refer-

ence database. In a study of the immune response to

tetanus toxoid (TT), Lavinder et al. exhaustively charac-

terized the constituent serum antibodies elicited by a

vaccine and discovered that the steady state anti-TT

serum IgG repertoire is composed of a limited number

of antibody clonotypes (80–100), with three clonotypes

accounting for >40% of the response [1��]. Importantly,

only a small fraction (<5%) of TT-specific, vaccine-

responsive PB clonotypes at day 7 were found to encode

antibodies that could be detected in the serological

memory response 9 months post-vaccination. This

suggests that only a minority of the antigen-specific,

transient PBs give rise to long-lived BMPCs. This result

is not altogether unexpected since huge variability in

both the number, kinetics, and the antigen-specificity

of transient PBs has been repeatedly observed for a

variety of vaccination and natural infection contexts

[42]. This is also in agreement with previous data demon-

strating that only a fraction (5–10%) of responding PBs

migrate to the bone marrow after vaccination [43]. These

differences in the peak responding PBs and the effective

levels of serum antibodies is a significant finding in that

the antigen-specific repertoire in vaccinated humans is

typically assessed by DNA sequencing of these respond-

ing PB clonotypes, a large number of which (>95% for

both donors here) do not constitute the post-boost steady-

state antigen-specific serum IgG repertoire.

Molecular convergence of antibody responses

Lastly, in the course of the TT study summarized above,

we discovered a VH clonotype shared between two

donors (a stereotype) and also with a third donor analyzed

independently in a distinct laboratory [44], providing

intriguing evidence for the existence of ‘public’ clones,

or ‘convergent immune signatures,’ emerging after anti-

gen challenge. BCR-seq of VH repertoires has discovered

the emergence of stereotyped clones in other vaccina-

tions, such as seasonal influenza H1N1 vaccination [29��]
and Dengue viral infection [45�]. The convergent detec-

tion of stereotyped or ‘public’ serum clonotypes detected

by BCR-seq and Ig-seq might correlate strongly with

vaccine efficacy, seroconversion, or the production of

neutralizing antibodies.

With certain antigens, convergence has been shown to be

quite prevalent, producing VH clonotypes that are univer-

sally identified across individual antibody repertoires. Voll-

mers et al. developed a BCR-seq barcoding technique that

uniquely identified each starting VH or VL transcript [16].
Current Opinion in Chemical Biology 2015, 24:112–120 
This allowed consensus-based filtering of sequencing error

to allow an accurate measurement of the memory recall

response to vaccination. It also provided an accurate

measurement of antibody repertoire convergence, revealing

that 25 of �100,000 VH sequences were shared between

vaccinated individuals. However, all of these were of low

abundance and had very low amounts of mutation and short

CDR-H3, indicating stochastic overlap within the naı̈ve B

cell repertoire. Jackson et al., however, identified the mol-

ecular convergence of an antibody response to influenza

H1N1 vaccination when comparing data with H1N1-vacci-

nated donors from two additional studies, revealing a stereo-

typic VH clonotype [29��]; although a striking result, it

remains to be determined if this stereotyped rearrangement

exists not merely as a VH-only but also as a VH:VL clono-

type, and whether this clonotype exists in the serum anti-

body repertoire or can be correlated with seroconversion and

viral neutralization. It is not entirely known how common

stereotypic B cell responses are in vaccines. However, as

detailed below, shared antibody sequences have enormous

significance as potential biomarkers in both infectious dis-

ease and autoimmunity [46].

The antibody repertoire in the disease state
Infectious disease

Broadly neutralizing antibodies (bNAbs) directed against

HIV and influenza viruses have been identified via the

cloning of antibody V genes from peripheral B cells

isolated from infected patients that displayed neutralizing

serum titers [47–49]. Sequence analyses of bNAbs and

homologous V genes of antigen-specific cells from the

individual from which the bNAbs had been isolated, are

providing insights on the evolution of broadly protective

B cell immunity, on preferential usage of certain germline

V genes, on somatic hypermutation patterns, and other

features of neutralizing immune responses.

The significance of the information gained from these

studies notwithstanding, it is not clear whether peripheral

B cell-encoded bNAbs actually play a dominant role in

the serological protection against infection in vivo. As

discussed above, serological immunity is overwhelmingly

contributed by BMPCs, which are often experimentally

inaccessible in humans. Nonetheless, it should be

appreciated that it is the cells of the BMPC compartment

and not peripheral B cells, which actually secrete the Ig

that maintains long-term serological memory. So far, it has

not been ascertained whether bNAbs isolated from per-

ipheral mBCs are actually present in the serum at all, let

alone at physiologically relevant concentrations (i.e.,

above KD) as is required in order for these antibodies

to play a role in virus elimination and protection in vivo.

The most compelling examples of bNAb functionality are

from convergent humoral responses that occur within

chronic HIV infection. It is known that up to 25% of

individuals with advanced HIV can develop bNAbs
www.sciencedirect.com
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against the virus. NGS is now being used to track antibody

and viral co-evolution [50], and the identification of elite

bnAbs is now central to the study of HIV. One of these

bnAbs, VRC01, is specific to the CD4 binding site of gp120

and can cross-neutralize �90% of HIV-1 isolates. Like

many other identified HIV-specific antibodies, it shows

striking amounts of affinity maturation (70 amino acid

differences from germline). Wu et al. isolated VRC01-like

antibodies from separate HIV-1 infected donors using

FACS sorting against a CD4-binding site probe [51].

BCR-seq and phylogenetic analysis of both donors

revealed similarities between the affinity maturation path-

ways for the VRC01-like antibodies and demonstrated how

BCR-seq can be used to identify large clades of antibody

sequences based upon selective criteria, such as V(D)J

usage, amount of mutation, and sequence identity to

known mAbs. Subsequent studies [52–55] further demon-

strated the power of BCR-seq and phylogenetics as a

general strategy for the de novo identification [53] and

phylogenetic VH:VL pairing [54�] of VRC01-like and other

bnAbs from HIV-1 infected donors.

Autoimmunity and cancer

Autoantibody repertoires likely contain a wealth of infor-

mation both in regards to the early diagnosis of immuno-

pathology, as well as providing an increased understanding

of disease progression. Unfortunately, very little is known

regarding these potentially significant sources of bio-

markers. In a pair of recent studies [56,57] on patients

with multiple sclerosis (MS), expanded B cell clonotypes in

the periphery (peripheral blood in one study and cervical

lymph nodes in the other) were overlapping with B cell

sequences found in the CNS of the patient. It was shown

that the founding members of these overlapping clono-

types were prevalent in the cervical lymph nodes and that

overlapping members in the peripheral blood were prim-

arily class-switched B cells. In addition to cross-tissue

overlap, convergence among individuals has also been

detected in the autoantibody response. Doorenspleet

et al. used BCR-seq from peripheral blood and joint syno-

vial fluid B cells in patients with early and established

rheumatoid arthritis (RA), demonstrating potential conver-

gence in the dominant B cell lineages within synovial fluid

of early RA patients [58]. These dominant lineages heavily

utilized the V segment IGHV4-34 and had significantly

longer CDR-H3. A few recent studies have also used high-

resolution mass spectrometry to proteomically identify

molecular signatures in the autoreactive antibody response

to the Ro/La ribonucleoprotein complex in patients with

Sjögren’s syndrome (SS) [59–61]. Although these studies

only identified a handful of public (shared) antibody

lineages and V gene mutations across SS patients, it high-

lights the great potential of serum antibody proteomics in

autoimmune biomarker discovery.

Similarly, the antibody response to tumor-associated

antigens can provide early diagnostic cues in detecting
www.sciencedirect.com 
malignancy [62]. A series of studies have utilized BCR-

seq, as well as serum antibody proteomics [63], to facili-

tate the early detection and monitoring of Non-Hodgkin’s

lymphoma [64], acute lymphoblastic leukemia [65,66],

chronic lymphocytic leukemia [67], B lymphoblastic leu-

kemia [68], and multiple myeloma [63,69]. Typically,

these lymphocyte malignancies are detected and mon-

itored via PCR specific to the malignant lineage(s), which

requires patient-specific primers to examine values of

minimal residual disease (MRD). BCR-seq circumvents

patient-specific reagents and maintains or increases sen-

sitivity for monitoring MRD [70]. Additionally, there is

great potential for BCR-seq and Ig-seq in developing

further metrics for diagnostic and prognostic applications

in both autoimmunity and cancer.

Conclusions and future perspectives:
integration of the cellular repertoire (BCR-seq)
with the serological repertoire (Ig-seq)
Functional annotation of DNA sequences obtained in

BCR-seq is an enormous challenge, and it has now become

a common appeal in the field to link function with sequence

[71,72]. Indirect approaches to link function with sequence

might include experimental designs which allow all four

IgG subclasses to be separately examined, rather than IgG

en masse, which would link sequences with known differ-

ential features of antibody half-life, effector functions, or

even altogether new clinical entities such as IgG4-related

disease [73]; or, in certain cases, convergence or dynamics

within BCR repertoires can often lead the discovery effort

for antigen-specific clonotypes in response to vaccination or

infection. However, this is not a generalizable strategy and

such obvious levels of dynamics or determinism may be

restricted to certain antigens or only evident in cases where

the humoral response is robust or ongoing.

The recent development of paired VH:VL BCR-seq and

Ig-seq represents a new paradigm for repertoire analysis

and of antibody discovery in which functionality (bind-

ing) is directly linked to NGS of natively-paired antibody

gene sequences. This ability to quickly link paired NGS

data and antibody functionality is a key step forward in

antibody discovery and repertoire analysis. Not only is

this applicable to the vaccine-elicited antibody repertoire,

but it also enables the link between antibody sequence

and function to be ascertained in infectious disease, as

well as autoimmunity and cancer. As a pair of relevant

examples where such approaches are necessary, the

recently identified auto-antigen, KIR4.1 [74], represents

a potential target in the discovery of autoantibody profiles

in MS. Or, in the case of vaccines which incorporate

tumor-specific antigens, such as epidermal growth factor

receptor variant III (EGFRvIII) glioblastoma peptide

vaccine, wherein it has been shown that the elicitation

of antibody titers can be correlated with an increase in

overall survival rate in the treatment of glioblastoma brain

tumors [75].
Current Opinion in Chemical Biology 2015, 24:112–120
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The discovery of functionally linked antibody sequences

in such patients has obvious implications, whether as a

means of identifying molecular biomarkers of disease or

in the discovery and development of mAb therapeutics.

In this last regard, these technologies could conceivably

be deployed as emergency response platforms for mining

true human mAbs from the convalescent whole blood of

survivors recovered from emerging viral disease epi-

demics [76], or even in the production of mAbs as part

of any general, global viral eradication initiative, such as

that presently ongoing for poliovirus — the ‘endgame.’
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neutralize the virus and their discovery provides a potential template to
understanding HIV-1 protection and vaccine efficacy. Here, the bNAb B
cell lineages were examined by BCR-seq and a method for phylogenetic
pairing of antibody heavy and light chains is presented. Significantly,
matched phylogenetic pairs of new bNAb variants demonstrated low
autoreactivity (as compared to mismatched), indicating these antibodies
retain high specificity.
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