Proteomic Characterization of the Evolution of the Circulating Antibody Response to Hepatitis B Virus Vaccination
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Abstract

A

response during HBV vaccination, we conducted proteomic analyses on longitudinal
samples from the same donor that was
vaccinated against HBV. The majority of
vaccine-specific monoclonal antibodies
observed in circulation one week after the
second immunization were still present one
week and six weeks after the third immunization. Furthermore, we observed from the
later time-points the emergence of variants of
the highest affinity (517pM) antibody that was
cloned initially from the earliest time-point.
We also observed persistent presence of two
antibodies specific to neutralizing epitopes
within the antigenic loop of the hepatitis B
virus surface antigen. As such, we present a
rapid proteomic method to accurately monitor the circulating antibody response elicited
against vaccines.

A potent polyclonal antibody response is
essential for host protection against pathogens.
Methods to elucidate the antibody composition
of the human serological polyclonal response
have so far been elusive. For development of
vaccines, the ability to monitor the individual
monoclonal components of circulating antibodies elicited against the immunogen would
be highly desirable. Previously, we described a
novel approach using mass spectrometry based
proteomics and next-generation sequencing to
identify and isolate antigen-specific antibodies from circulation in immunized animals1,
and more recently, we demonstrated that this
approach can also be applied to clone vaccine-specific monoclonal antibodies from a
donor immunized against HBV, and neutralizing monoclonal antibodies against CMV from
a naturally infected donor2. To further investigate the evolution of the circulating antibody
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Figure 2. Diverse, high affinity antibodies against HBV identified from a vaccinated donor.
Phylogenetic tree (generated using neighbor joining method for multiple sequence alignment by CLC
Bio’s genomic workbench software) of all 19 heavy chain variable sequences identified from affinitypurified IgG from donor C037. Sequences that utilize VH1, 3, 4, and 7 gene families are shown in green,
pink, blue, and grey, respectively. The scale represents the number of substitutions per 100 residues
(display was generated using Fig Tree [http://tree.bio.ed.ac.uk/software/figtree/]).
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Figure 5. (A) Immunization schedule and blood draw of HBV vaccine recipient C037.
Donor C037 received the three HBV vaccine series over a course of 29 weeks. Blood samples were
collected 7 days after the 2nd and 3rd immunizations, and 6 weeks after the 3rd immunization (post
completion sample). Blood sample following the first immunization was not available because the
first collection was after the second immunization. (B) Phylogenetic tree of heavy chain (HC)
sequences identified by NG-XMT™ in each time-point. Antigen-specific antibodies were
affinity purified from each time-point and Ig variable region sequences were identified by LC-MS/MS
using sequence databases created from NGS of Ig variable regions of memory B cell libraries from
each corresponding time-point. Heavy chain variable region sequences of HBV-specific antibodies were
aligned using neighbor joining method for multiple sequence alignment by CLC Bio and represented as
a dendrogram. Each unique sequence is indicated by its CDR3 amino acid sequence. Heavy chains with
colored sequences generated HBV-specific antibodies when paired with its corresponding light chain
(see Table 1). The sequences shown in black have not been characterized.

NG-XMT™ identifies the monoclonal components of circulating antibodies elicited in response to a specific antigen. This platform can be used to monitor the humoral response to vaccines (left) and/or to
isolate and clone endogenous monoclonal antibodies with a specific functional activity (right).
Table 1. Anti-HBsAg monoclonal antibodies isolated from HBV vaccinated donor, C037.
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Figure 6. Potent CMV-neutralizing antibodies identified from two naturally infected
donors. Antibodies specific to cytomegalovirus (CMV) glycoprotein B were cloned from two donors
naturally exposed to CMV. In vitro neutralizing activity was measured in MRC5 cells (fibroblast cell line)
with AD169 CMV strain as previously described.
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Figure 3. Two HBsAg-specific monoclonal antibodies recognize neutralization-sensitive
epitopes within the antigenic loop of HBsAg. Linear epitopes were mapped by ELISA using
overlapping HBsAg peptides.
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Figure 1. NG-XMT™ is a proteomic approach to identify antigen-specific human monoclonal antibodies in circulation. (A) Identification of desired activity in serum or plasma.
(B) Specific and stringent, magnetic bead-based affinity purification to isolate antigen-specific antibodies
enriched in the same functional activity. (C) Elimination of Fc with a site-specific endopeptidase.
(D) Digestion of F(ab’)2 with multiple proteases and analysis by LC-MS/MS. (E) Generation of
custom sequence reference database from B cells isolated from the same donor. (F) Identification and
cloning of heavy and light chain variable region sequences and expression of monoclonal antibodies.
(G) Validation and characterization of each monoclonal antibody for the desired functional activity.
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Figure 4. Kinetics measurement of a picomolar affinity anti-HBV antibody. Binding kinetics curves
of C037 monoclonal antibody (3+53) were generated by Biacore T200 with the antibody as the analyte and
HBsAg as the ligand immobilized at low density on the chip surface to minimize effects of avidity.
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