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Review Article

ABSTRACT

High-throughput DNA sequencing technologies are advancing at rapid state and transforming our
indulgent about humoral immune modulation. The antibody repertoire encoded by B cells in the
blood or lymphoid organs and the information obtained from high-throughput DNA sequencing of
immunoglobulin genes (Ig-seq) can be applied for various disciplines. These are basically used to
detect B-cell malignancies with high sensitivity and discovering specific antibodies for specific
antigens. In advance, it plays significant roles in vaccine development process and it increases our
understanding about autoimmunity. The broader applications of Ig-seq in clinical sets highly
necessitate the development of a consistent experimental design framework that will enable the
sharing and meta-analysis of sequencing data generated by many scientists. The present review
attempts to give backgrounds about high-throughput antibody repertoires gene sequencing as well
as the ways in which Ig-seq might be applied to characterize immune responses and identify
antibodies of therapeutic, diagnostic or mechanistic relevance to autoimmune diseases.
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1. INTRODUCTION

Antibodies are a major component of the
adaptive immune system and have critical roles
in protective and pathogenic immune responses.
In response to microbial infection, vaccination,
autoimmune disease or cancer, the immune
system generates distinct antibody repertoires.
Analysis of these antibody repertoires,
particularly those contributing to functional
immune responses, can provide important
information on protective and pathogenic
immunity. In autoimmune diseases, including
autoimmune rheumatic diseases, antibody
characterization has enabled the identification of
autoantigens and has provided insights into the
underlying mechanisms of disease; furthermore,
detection of autoantibodies has become a
cornerstone of modern diagnostics [1,2,3].

There are extensive trails to determine the
antibody repertoire encoded by B cells in the
blood or lymphoid organs using high-throughput
DNA sequencing technologies. Efforts have been
advancing tremendously in rapid state and are
transforming our perceptions of humoral immune
responses. Evidences gained from high-
throughput DNA sequencing of immunoglobulin
genes (lg-seq) can be useful to detect B-cell
malignancies with high sensitivity, to discover
antibodies, autoimmunity and to guide vaccine
development [4,5,6]. Speedy growth in the
development of experimental protocols and
informatics analysis tools is plateful to reduce
sequencing artifacts, to accomplish more
accurate quantification of clonal diversity and to
extract the most relevant biological information. A
powerful adaptive immune system is primarily
dependent upon the generation of a varied
repertoire of B-lymphocyte antigen receptors
(BCRs) which entail the membrane-bound form
of antibodies expressed on the surface of B cells.
The BCRs are principally assembled by somatic
recombination of a large number of
immunoglobulin  gene fragments and the
repertoire of BCRs articulated and continuously
shaped by exposure to external antigens and
internal host factors. The mechanisms to be had
for BCR diversification can give up an enormous
number of possible BCRs (in theory, >1013 in
humans) [7,8]. There is a possibility that, this
number can exceed from the total number of B
lymphocytes in the human body (~1-2 x 1011).
As such, considering labor and cost, it is totally
impossible to analyze such a diverse BCR

repertoire using the conventional type of Sanger
sequencing technique. Even though, the Ig-seq
has permitted us to find out antibody gene
repertoires at an unmatched depth [7,8]. The
information has been gained by Ig-seq is
demonstrating the ways helpful for understanding
antibody responses in health and disease
conditions as well as for diagnostic purposes.
Furthermore, the Ig-seq can be combined and
practical with other relevant techniques, such as
expression of antigen-specific antibodies,
sequencing of multiple RNAs [8], proteomic
analyses of antibodies in blood or secretions [5],
the properties of antibodies that mediate
protection against infectious diseases [6] and
alternatively that mediate autoimmune responses
[6]. This review illustrate high-throughput
antibody gene sequencing as well as the ways in
which lg-seq might be applied to characterize
immune responses and identify antibodies of
therapeutic, diagnostic or mechanistic relevance
to autoimmune diseases.

2. NATURE OF THE GENERATION OF
ANTIBODY REPERTOIRE

Antibodies are circulating proteins that are
produced in vertebrates in response to exposure
to foreign structures known as antigens.
Antibodies are extremely diverse and specific in
their skill to recognize foreign molecular
structures and are the primary mediators of
humoral immunity against all classes of microbes
[9,10]. The family of circulating proteins that
mediate these protective responses was initially
called antitoxins. When it was appreciated that
similar proteins could be generated against many
substances, not just microbial toxins, these
proteins were given the general name antibodies.
The substances that generated or were
recognized by antibodies were then called
antigens [10]. Antibodies are produced by a
developmentally ordered series of somatic gene
rearrangement events that occur exclusively in
developing B cells and continue throughout the
life of an organism. Antibodies are having chains
that are tremendously expressed in all cases.
The chains are expressed as heavy such as, o,
a, y, 6, €) and light such as, chains k, A, which
are connected by disulfide bonds. The integral
antibody having variable and constant domains
and antigen binding would occurs in the variable
domain which is produced by recombination of a
predetermined place of tandemly arranged
variable (V), diversity (D) and joining (J) germline
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gene segments. This process is known as the
VDJ recombination process and, often results in
the addition and deletion of nucleotides at the
junctions between ligated gene segments.
Strictly taking, during recombination of gene
segments DNA exonucleases can trim the ends
of the gene segments, and DNA polymerases
and transferases can randomly insert templated
palindromic  or nontemplated nucleotides,
respectively  [11]. Initially  during  B-cell
development, immunoglobulin heavy (IgH) chain
gene recombination usually takes place before
immunoglobulin light (IgL) chain. These both
chains typically IgH and IgL genes are prolifically
rearranged and entirely assembled antibody
heterodimer is expressed on the surface of the B
cell. B cells bearing prolifically reorganized
antibodies the process of allelic exclusion
ensures that, each B cell expresses a single
antibody [5]. The aforementioned process and
after passage of all the way through
developmental checkpoints, recently produced

mature IgM'IgD" B cells from the naive B cell
repertoire. On the other way, the majority of the
diversity in the naive antibody repertoire is
concerted on the location of IgH VDJ gene seg-
ment ligation and which is known as the IgH
region 3 (CDR-

complementarity-determining
H3)[11].
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Because of the combinatorial and non templated
nature of the mechanisms that generate the
CDR-H3, it is the most diverse component in
terms of length and sequence of the antibody H-
chain repertoire and is a principal determinant of
antibody specificity [12,13,14]. On the other
hand, there are occasions where antigen
specificity is ordered exclusively or primarily by
the L chain. An activated helper T-cell with
receptors for the same antigen binds to the B-
cell, and, the helper T-cell sends a signal to the
B-cell, activating the B-cell. The activated B-cell
starts to divide by mitosis to form a clone of
plasma cells. This process, known as B-cell
proliferation and plasma expansion, occurs
primarily in highly structured parts of secondary
lymphoid organs such as spleen, lymph nodes
and Peyer's patches [15,16]. Next, the clonal
expansion is followed by somatic hypermutation
of the variable domains of antibodies. This
process easily mediated by activation-induced
cytidine deaminase activity. B cells expressing
BCRs bearing somatic mutations that increase
affinity for antigen out competes other B cells for
access to antigen. As such, the B cells bearing
the highest-affinity antibodies undertake special
expansion and survival, a process known as
affinity maturation. The mutation results in
sequence diversification of the CDR-H1 and
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CDR-H2 hypervariable regions and of the
framework 3 (FR3) regions [17]. Activation-
induced cytidine deaminase also mediates class-
switch recombination, which generates
antibodies bearing different constant regions. B
cells expressing somatically mutated, high-
antigen-affinity BCRs can differentiate into long-
lived memory B cells, capable of mediating rapid
recall responses to the same antigen, or into
terminally differentiated plasma cells; the latter
down regulate BCR expression, establish
residency in the bone marrow, gut lamina propia
and secrete protective antibodies at extremely
high rates estimated at 10,000-20,000 antibody
molecules per second [18]. Antibody production
by long-lived plasma cells in the bone marrow is
postulated to proceed for very long times,
possibly throughout the entire lifetime of the
organism. Diversity in the primary antibody
repertoire stems from the allelic diversity in
immunoglobulin gene segments, combinatorial
diversity introduced during somatic
recombination. Junctional diversity caused by
lack of fit during recombination process such as
pairing of IgH and IgL polypeptide chains and
receptor editing, in which the offered V-gene
segment is substituted with another. Moreover,
VH substitution is a progression resulting from
the existence of a cryptic recombination signal
sequence in FR3. This might influence as much
as 5-12% of the human primary B-cell antibody
repertoire [19,20,21].

3. HIGH-THROUGHPUT  SEQUENCING
AND PROFILING OF THE ANTIBODY
REPERTOIRE

3.1 Small-scale Sequencing and Profiling
Antibody Repertoire

There are significant developments in the area of
sequencing of antibody repertoire. Earlier, there
were approaches used in the 1990s and 2000s
for the analysis of antibody repertoires which
involves reverse transcriptase polymerase chain
reaction (RT-PCR) and Sanger sequencing of
antibodies expressed by individual B cells. The
experimental steps in this technique require
manual handling of sequences and this approach
can only characterize limited sequences of tens
to hundreds of B cells per experiment [22]. This
sequencing technique which is referred as low
throughput has been used to recognize
antibodies that neutralize clinically important
pathogens such as HIV-1 and influenzae viruses
[22,23,24] or autoantibodies that contribute to
autoimmune disease [25]. However, other

approaches have been used for sequencing
of single-cell RNA sequencing including
sequencing of coexpressed genes and use next
generation  sequencing  technology  [26].
However, these assay platforms and short-read
sequencing technologies read significantly fewer
base pairs than are essentially (>500) for
sequencing the entire IgL and IgH variable
regions [27].

3.2 Large-scale Sequencing and Profiling
of Antibody Repertoire

There are a number of high-throughput next-
generation sequencing technologies have been
developed and applied [21,27] and are
renovating the investigation of B cells and
their antibody repertoires [4,28,29]. The
methodological approaches have been applied
for each of these technologies is in variety ways
and parameters. The methodologies using the B-
cell populations characterized, the clinical
characteristics of the individuals analysed, the
approach to bioinformatic analysis and the
objective of the experiment. The following
approaches demonstrate large scale sequences
for profiling of antibody repertoire.

3.3 B Cells Monitoring

Several investigations have been reported and a
number of research groups have developed
approaches for deep-sequencing IgH (or in some
cases the IgL), or solely the CDRS3, in genomic
DNA or cDNA generated from bulk RNA isolated
from individuals with autoimmune disease,
[30,31] infections [32] or cancer, [33,34] or from
vaccine recipients [30]. In addition, molecular
‘barcodes’ are used to enhance single-chain or
CDR3 sequencing, that is, random hexamers are
used as primers [28,35,36] or adapters with a
uniqgue molecular identifier [25,37] to tag each
cDNA. Base-calling errors essentially corrected
by the molecular bar coding which is inherent to
the sequencing platform or of PCR bias. Due to
the arrangements of 50% of B cells having
multiple immunoglobulin gene loci a result of
nonproductive rearrangements and receptor
editing, and sequencing of immunoglobulin
genes in genomic DNA is challenging [38,39].
Additionally, receptor editing is a vital attribute in
B-cell maturation that assists to avoid
autoimmunity, which can lead to allelic inclusion
at the immunoglobulin IgL loci and the
development of B cells that co express two
different immunoglobulin IgLs [38,39]. These
methods generally entail the sequencing of only
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one immunoglobulin chain and, therefore, afford
restricted information about the antibodies
produced during an immune response. Although
both IgHs and IgLs can be sequenced
simultaneously in bulk mRNA, pairing of the IgH
and IgL sequences generated in this manner can
only be stabbed according to resemblances in
sequence frequency [40]. Without the precise
pairing of the cognate IgHs and IgLs, the
information obtained about an antibody response
is partial. Although not optimal for analysis of
antibody repertoires, single-chain sequencing
from bulk RNA can be used to track malignant or
clonal populations of B cells by detecting their
unique IgH, IgL or CDR3 sequences [41]. This
technique is verifying to be influential for
distinguishing and monitoring the return of B-cell
malignancies and has enhanced sensitivity for
detecting residual disease or disease
reappearance than flow cytometry approaches
[42,43]. The IgH CDR3 sequencing was
additionally used in the search for biomarkers
of autoimmune diseases and characterizing
B-cell responses both for infection and
vaccination. Furthermore, it has significant
potential to immunomodulation in patients
with cancer. Results from bulk IgH sequencing
of unsorted B cells implies that direct
examination of isolated B-cell subsets might
be essential for attaining the most informative
data regarding diseases of immune function
[41].

3.4 Functional Antibody Repertoire

There are many challenges that have been
involved during study of antibody repertoire.
These challenges must be overcome to
recognize and classify useful antibody
repertoires. Wide-ranging surveys of the B-cell
repertoire necessitate sequences that allow
precise recreation of endogenous,
bioinformatically selected antibodies. So that,
their antigen specificity, binding and functional
properties can be easily characterized. To
recreate accurately the recombinant versions of
endogenous antibodies, one have to sequence
and properly pair the cognate IgHs and IgLs
expressed by individual B cells. This will ensure
that, the sequencing wrap the complete variable
regions encoding the CDR1, CDR2, CDR3 and
framework regions of both the IgHs and IgLs to
identify error-free sequence [27,42,43]. The
challenges for analysis of antibody repertoires
are high-process fidelity and quality. In addition,
to allow bioinformatic discovery of important
functional antibodies, antibody repertoire

sequencing must be applied to the suitable B-cell
subsets obtained from individuals with an
immunological phenotype of interest. There are
several types of new single-cell sequencing
methods can preserve the endogenous pairing of
IgHs and IgLs. These methods include linkage-
PCR based, barcode-based, bead-based,
microwell-based and droplet-based methods,
with most approaches integrating more than one
of these methods [20].

3.5 Applications  of
Sequencing

High-through Put

3.5.1 Generation of recombinant antibodies

Recombinant antibody technology is opening
new point of view for the advances of novel

therapeutic and diagnostic agents. Recent
development of methods for preparation of
recombinant DNA libraries and in silico

bioinformatics approaches for protein structure
analysis makes possible antibody preparation
using gene engineering approaches. The
development of gene engineering methods
allowed creating recombinant antibodies and
improving characteristics of existing antibodies;
this significantly extends the applicability of
antibodies. Modifying biochemical and
immunochemical properties of antibodies by
changing their amino acid sequences, it is
possible to create antibodies with properties
optimal for certain tasks. Monoclonal antibodies
are a mainstay of diagnostic tests, therapeutics
and research tools. High-throughput sequencing
of antibody repertoires is a powerful technique to
generate recombinant monoclonal antibodies
directly from humans or other animals during a
functional immune response. Therapeutic
monoclonal antibodies have revolutionized care
for patients with autoimmune diseases (anti-TNF,
anti-IL-6, anti-IL-1 and anti-IL-12p40 monoclonal
antibodies), infection (anti-respiratory syncytial
virus antibody) and cancer (anti-CD20, anti-
CTLA4, and anti-programmed-death 1 [PD-1]
antibody). Investigators in my laboratory used
barcode-enabled antibody repertoire sequencing
of plasma blasts isolated from Staphylococcus
aureus-infected humans to generate recombinant
antibodies that bind and mediate killing of
the bacteria [41]. Others have isolated individual
B cells in microwells, then performed linkage
RT-PCR and sequencing to generate
tetanus toxoid (TT) reactive recombinant
antibodies from TT-sorted peripheral blood
plasmablasts isolated from a TT-vaccinated
human [44].
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3.5.2 Autoimmunity

There is barcode-enabled antibody repertoire
sequencing used for peripheral blood
plasmablasts. The report indicates sequence
derived from patients with RA to identify
sequences encoding autoantibodies that target
citrullinated fibrinogen and citrullinated enolase
[45] and IgH (single-chain) sequencing of bulk
RNA. The sample isolated from synovium of
patients with RA to identify dominant clones
utilizing the IGHV4-34 gene segment and having
CDR3s longer than those of antibodies
expressed by naive B cells [46]. Sequences
encoding pathogenic autoantibodies have the
potential to be used as analytical biomarkers to
discover individuals likely to develop disease
[47]. There is a suggestion that critically
describes that, mucosal sites including the lung
and oral cavity, might be vital in the instigation of
ACPA reaction that lead to the development of
RA [48]. Some antibody repertoire sequencing
technologies [45] generates sequencing reads
that extend sufficiently far into the antibody
constant region to identify the antibody isotype
and subclasses, thereby enabling IgA ACPA-
expressing B cells to be pinpointed to gain
insight into the potential environmental
exposures and microbial infections that initiate
their production in RA. These sequences also
potentially to be used as pharmacodynamic
biomarkers during drug response mechanism.
This can be usual to monitor the response to an
immunomodulatory drug, or to expedite clinical
development by demonstrating the activity of
these drugs in proof-of-concept studies [47].

3.5.3 Vaccine development

Vaccine development is a long, complex
process, often lasting 10-15 years and involving
a combination of public and private involvement.
The current system for developing, testing, and
regulating vaccines developed during the 20"
century as the groups involved standardized their
procedures and regulations. There are great
needs for the expansion of vaccines for
diversified types of pathogens exists. Antibody
repertoire sequencing is used to identify the
microbial antigens and epitopes targeted by
effective antimicrobial antibody responses that
naturally control infection in humans and other
animals [4,5,49,39,50,51] thereby enabling the
development of vaccines based on these
antigens. In addition, antibody repertoire
sequencing is used in clinical proof-of-concept
trials to demonstrate that a candidate vaccine,

adjuvant or vaccination regimen can induce
protective immune responses [52].

3.5.4 Immunomodulatory drug development

Immunomodulatory drugs (IMiDs) are
thalidomide analogues, which possess
pleiotropic anti-myeloma properties including
immune-modulation, anti-angiogenic, anti-
inflammatory and anti-proliferative effects. Their
development was facilitated by an improved
understanding in myeloma (MM) biology and
initiated a profound shift in the therapeutic
approach towards MM. The Immunomodulatory
‘checkpoint inhibitors’ are revolutionizing the care
of patients with autoimmune diseases and
cancer cases. The Abatacept (CTLA4-1g) blocks
CD28-mediated activation of T cells and is
effective in the cure of RA [30]. In patients with
metastatic melanoma and other cancers,
ipilimumab (anti-CTLA4 antibody) and
pembrolizumab  (anti-PD-1  antibody) are
therapeutically effective by blocking inhibition of
T cells [53,54]. Antibody repertoire analysis and
sequencing provides an approach to monitor and
characterize the immune responses induced by
candidate immunomodulatory drugs [55] or
vaccines [56]. Checkpoint inhibitor therapy in
cancer results in the initiation of autoimmunity in
a subset of patients, and antibody repertoire
sequencing has the potential to be used to
identify individuals at risk for developing
autoimmune disease and to characterize the
autoimmune response in individuals that do
[63,55,57,58].

3.5.5 B-cell repertoire development

There is determination in the lineage
development of B cells and evolution of the
corresponding germline antibody genes by
comparing the sequence of antibody repertoires
in an individual. As such, the lineage
development of B cells and evolution of antibody
responses can be tracked [27,14,24]. Using this
analysis, it's possible to investigate the evolution
of functional antibody responses in health and
disease, reveal mechanisms underlying the
development of naive B-cell repertoires [57,58]
and the activation, development and trafficking of
B cells in immune responses of interest
[50,58,59]. Several academic laboratories are in
the process of utilizing antibody repertoire
sequencing to investigate the development of
anti-citrullinated-protein-reactive B cells in RA
and anti-nuclear-antigen-reactive B cells in SLE.
Such studies might identify autoantigens and



Getachew and Pandian; BJMMR, 18(12): 1-11, 2016; Article no.BJIMMR.27765

provide insight into disease initiation and
progression in these and other diseases [60].

3.5.6 Infectious diseases

Considering infectious disease the Ig-seq is also
offering insights towards the development adap-
tive immune responses elicited by pathogen
challenge or vaccination. This pathogen
challenge can affect the BCR repertoire of
responding B as well as the naive repertoire.
There are phenomenons that, many pathogens
can be produce superantigens. These are
proteins that bind to certain antibody V domains,
resulting in BCR cross-linking and subsequent B-
cell deletion [60,61]. One study reported that the
depletion of V genes bound by superantigens
was not observed in the naive repertoire of
transgenic  mice  constitutively  expressing
superantigens [62]. Surprisingly, skewed naive
B-cell antibody repertoire was also reported for
patients with chronically evolving hepatitis C
infection [63]. Furthermore, any changes
regarding the overall antibody repertoire are also
evident following vaccination or infection have
been reported [64,65,66]. The report of Boyd,
Fire and coworkers [65] surprisingly observed

that the convergent antibody signatures
(stereotyped CDR-H3 sequences) in patients
developing acute dengue infection. This

observation gives insight the possibility that Ig-
seq intended at detecting stereotypical
responses and it can be used as a diagnostic
tool for predicting infectious disease severity. On
the other hand, tracing the evolutionary paths
that lead to the generation of bNAbs is also
critical for the design of immunogens and
vaccination schedules. This will have the
probability to elicit an immune response by first
activating naive of antibody-expressing B cells
and then steering B clonal selection toward an
affinity maturation pathway that leads to the
production of bNAbs [48].

3.5.7 Cancer research and treatment

For the past several years there was seen
progress in cancer immunotherapy and in recent
time two cancer immunotherapy drugs which are
a cell-based vaccine and an anti-CTLA-4
monoclonal antibody were approved [67,68]. In
recent study, Vonderheide and Glennie [69]
reported agonistic CD40 monoclonal antibodies
(mADb) offer a new therapeutic option which has
the potential to generate anticancer immunity by
various mechanisms. The study depicted
agonistic CD40 mAb have been shown to

activate APC and promote antitumor T-cell
responses and to foster cytotoxic myeloid cells
with the potential to control cancer in the
absence of T-cell immunity. There are different
approaches yet discovered for cancer research
and treatment. More relevant methods focused
towards genomics that provides quantitative and
economic advantages for biomarker analysis and
shifts toward genomics to bolster with broadly
guantitative, accuracy, sensitive and high
throughput (Table 1).

Table 1. Methodologies used for analysis of
cancer

Requirement
Somatic mutation
analysis

Technology/Method
DNA deep Sequencing,
Breakpoint analysis and
Fusion Detection.
RNA-Seq, Arrays, RNA

Gene expression

analysis panels.

Germ line variant ~ CNV, Structural and
analysis Small Variant Detection
HLA HLA Calling (DNA, RNA,

characterization
Antigen-specific
immune response

Arrays).

B/T Cell Repertoire
(DNA/RNA), VDJ
mutation (RNA).

During antibody repertoire B-cell leukemias,
lymphomas and multiple myeloma are malig-
nancies that arise at different stages of B-cell
development. As such, BCRs on malignant B
cells represent a biomarker for the plenty of the
malignant cell population. For disease detection
and delineation of the degree to which antibody
evolution in malignant cells correlates with
disease progression, the Ig-seq of the V-gene
repertoire in peripheral B cells, bone marrow,
tumors and blood-borne free DNA samples has
been used [69,70,71]. For example, Ig-seq of V
genes in peripheral blood facilitated detection of
cancerous cells and minimal residual disease
following treatment of B-cell chronic lymphocytic
leukemia (CLL) [66,70]. Moreover, the Ig-seq
was also used to identify negligible residual
disease in pediatric patients with B-cell acute
lymphoblastic leukemia (B-ALL) [31]. On the
other hand it can be also used as a marker of
non-Hodgkins lymphoma [65]. The identified
portion of Ig-seq was also naked that, the B-ALL
patients exhibit a variety of clonotypic diversity,
which arises predominantly  from  VH
gene replacement [31,72]. The degree of
heterogeneity of B-cell clones observed on CLL
is small, with the degree varying based on
whether the disease derived from unmutated or
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somatically hypermutated B cells [68,73]. In
opposite way, the malignant clonotype in various
myelomas, a disease which occur from terminally
differentiated plasma cells in the bone marrow

that lack active mechanisms of antibody
diversification, displayed little evidence of
heterogeneity [74]. Study conducted by

Hargreaves and his co-workers showed that,
they have evaluated a suite of assays that has
been employed in high throughput manner for
genomic analysis of the FcyR locus that is
scalable for application in large clinical trials of
mADb therapy [75]. The result obtained from this
study has promises for establishing the
importance of FcyR genetics in predicting
response to antibody therapeutics. The broader
application of high-throughput sequencing for the
detection of malignancy-stereotypic clonotypes,
which may be present at a low frequency in
subjects that do yet not display clinical disease,
may prove to be a useful, early diagnostic tool.
Moreover, the Ig-seq may also be practical to
appreciate gammopathies conditions that result
in peculiarly high levels of antibodies in serum
[76,77].

4. CONCLUSION

The present review has illustrated the high-
throughput sequencing and profiling of antibody
repertoire  for diagnostic and therapeutic
applications.  Antibodies are the major
component of the adaptive immune system and
have vital roles in protective and pathogenic
immune responses. In response to microbial
infection, vaccination, autoimmune disease or
cancer, the immune system generates distinct
antibody repertoires. Analysis of these antibody
repertoires, particularly those contributing to

functional immune responses, can provide
important  information on protective and
pathogenic  immunity.  Antibody repertoire

analysis will transform our understanding of
immune responses to autoimmunity, vaccination,
infection and cancer, providing new biomarkers
and diagnostic tools, and enabling efficient
generation of therapeutic antibodies. The advent
of high-throughput DNA sequencing has enabled
the determination of the antibody gene repertoire
at extraordinary depth that was unimaginable.
Technologies to improve sequence precision and
data analysis are being developed at a
breakneck pace, reshaping our understanding of
many important aspects of B-cell immunology
and increasingly affecting clinical diagnosis,
antibody drug discovery and vaccine
development.
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