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ABSTRACT

Recombinant hepatitis B virus vaccines confer protection by eliciting specific antibodies against the hepatitis B
surface antigen (HBsAg), known as anti-HBs. However, the performance of rapid anti-HBs diagnostic tests generates
concerns regarding consistency. Novel indicators of protection might be developed by monitoring changes in
targeted HBsAg-epitope profile after vaccination. In this work, we test the feasibility of our peptide-phage display
platform in identifying B-cell epitopes targeted at different time-points after hepatitis B vaccination. We combined
this platform with a unique approach for in silico analysis of enriched sequences. Serum samples collected from one
single patient who had two boosting immunizations against hepatitis B virus were used in two-rounds of selection
experiments. Five epitope candidates from HBsAg were identified in silico; most of them were previously reported in
the literature. Our results suggest that the number of recognized HBsAg epitopes is related to the decrease of anti-
HBs over time.

Keywords: peptide-phage display, epitope mapping, hepatitis B virus vaccination

INTRODUCTION
Hepeatitis B virus infection (HBV) is considered a major public health problem by the World Health Organization

(WHO). Deathly consequences from HBV infection are mainly related to chronic liver disease and primary liver
cancer !. The hepatitis B vaccination at birth has been successfully implemented in 97 countries, decreasing the

percentage of children younger than 5-years-old chronically infected with HBV to only 1.3% in 2015 2. The
hepatitis B surface antigen (HBsAg) is the major component of the virion envelope and also the current main antigen

used in recombinant hepatitis B vaccines 23 The vaccine confers protection by eliciting specific antibodies against
4
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HBsAg and developing HBsAg-specific B and T cell-mediated immune memory . The main indicator of serological
protection after hepatitis B vaccination is the IgG antibody-titer against HBsAg (anti-HBs). Long-term protection
against HBV infection is considered ensured when anti-HBs titer of >10 mIU/mL is reached 1 or 2 months after

completing the vaccination series 2, Although the efficacy of hepatitis B vaccination in infants is clear in the long
term, it can drop below 60% in elderly patients 3 Currently available data suggests that boosting immunizations are

not needed in immunocompetent patients that completed the vaccination routine, however this is not yet validated 253,
Today, hepatitis B boosting immunizations are advised mainly in high-risk groups when anti-HBs titers are lower

than 10 TU/L 2. Rapid diagnostic tests to detect anti-HBs are available, but their performance is not consistent

amongst manufacturers 2 Therefore, the improvement of diagnostic tests could be aided by identifying diagnostic

and/or clinically relevant HBsAg epitopes.

The antibody response elicited after hepatitis B vaccination has been thoroughly characterized. Several epitopes have
been reported. However, out of 72 HBsAg human B-cell positive epitopes reported in the Immune Epitope Database
(IEDB; www.iedb.org), 55 epitopes are reported as peptides comprising 10 to 48 amino acid residues (in average, 22
residues). Shorter epitopes were identified mainly by mapping monoclonal antibodies isolated from immunized
patients using time-consuming and expensive methods such crystallography, nuclear magnetic resonance (NMR),

computational docking and site-directed mutagenesis 6,

Peptide-phage display has led to the identification of ligands and serum biomarkers relevant for the treatment or
diagnosis of a large variety of diseases such as cancer, viral infections, multiple sclerosis, degenerative joint

disorders and traumatic brain injuries 7. Although the systematic identification of epitopes targeted by circulating
antibodies is currently not feasible, B-cell and T-cell epitope mapping is done using peptide-phage display based

methods %8 These remarkable efforts have however resulted in a very limited amount of epitopes or mimotopes 6

The characterization of larger number of sequences selected from peptide phage display has been improved by
combining it with Next Generation Sequencing (NGS) platforms 9. However, this also increased the challenges
regarding to the search of good binders from a larger pool of non-specific peptides 9 The distinct epitope recognition
profiles between different patients demand rapid, efficient and cost-effective methods to identify epitopes recognized
by circulating antibodies 8,10, Rapid epitope identification directly from patient sera was reported using a
combination of peptide-phage display, next-generation sequencing (NGS) and a unique approach for in silico

analysis 1011, By using a similar approach, we test its feasibility in identifying B-cell epitopes at different time-
points after boosting injections with hepatitis B vaccination directly from one single patient’s sera.

Serum samples from an adult, male donor who completed primary hepatitis B vaccination on adulthood were kindly
provided by the Ligand Development Unit at Fraunhofer IZI. In 2010, the patient (born in 1971) had non-sufficient
anti-HBs titer to ensure protection and therefore a boosting injection was advised. Serum samples were collected
after two boosting injections in 2010 and 2016, and also at irregular intervals between immunizations as described
below:

Serum ID Description

S1 First boosting. Serum was collected 42 weeks after vaccination with
Engerix-B (GlaxoSmithKline, UK). Sampling date (MM/YY): 11/2010

Sla 2 years after boosting. Sampling date (MM/YY): 12/2012
S1b 4 years after boosting. Sampling date (MM/YY): 02/2014

| Slc 5 years after boosting. Insufficient anti-HBsAg titer to guarantee
protection.
Sampling date (MM/YY): 12/2015
S2 Second boosting. Sample was collected 5 weeks after immunization with

Engerix-B. Sampling date (MM/YY): 01/2016
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Serum aliquots were stored at -20 °C until use. An aliquot of each serum sample corresponding to 24 pg of total
protein was used in two selection rounds following the peptide phage display protocol used by Kern ef al., 2018.
NGS of bound peptide phage was performed using illumina MiSeq® (San Diego, USA) and the output data was pre-

processed and converted into peptide sequences 10 potential epitope candidates were identified in silico according
Kern et al., 2018. This approach applies a statistical analysis of peptide sequences obtained after the first and second
selection rounds as follows: The sequence pools are analyzed in terms of those motifs similar to HBsAg which are
enriched above a theoretically expected value. This analysis based on statistics is feasible due to a relatively even
amino acid distribution of the library. Sequences sharing enriched motifs are retrieved from a database corresponding
to each serum sample. Next, sequences are aligned for the identification of peptides sharing more extensive
similarities the antigen. In other words, this method replaces the search for individually enriched sequences, as it is
done in most of the current peptide-phage display protocols, by the analysis of sequences containing enriched 4-mer
fragments.

This approach led to the identification of five HBsAg epitope candidates. An example is illustrated by the motifs
located in the C-terminus of HBsAg. Increased enrichment values of the C-terminal motifs were observed mainly on
the datasets corresponding to the sera S1 and S2, which were collected after boosting immunizations. After the
second-selection round, the C-terminal motif WVYT was enriched 3.2- and 2.8-fold following the first and second
boosting immunization, respectively. An important enrichment was also observed on the C-terminal motifs from the
dataset obtained from serum Slc (i.e. collected 5-years after first boosting). When comparing alignments of peptide
sequences containing the enriched motifs retrieved from different datasets (Figure 1), a higher frequency in the
datasets obtained from samples S1 and S2 in comparison to the datasets Slc is observed (firequency i.e. the ratio of
occurring sequences containing the motif to total sequences included in the dataset). This is suggested by a clear
increase on the occurrence of sequences in datasets obtained from samples S1 and S2 in comparison to the dataset
obtained from Slc. The enrichment of peptides binding to serum antibodies becomes evident when these alignments
are compared to alignments containing sequences from the naive library dataset (i.e. selection without patient serum)
(Figure 1- A).

https://www.revistabionatura.com/cs-2019.02.01.2.html[30/04/2020 10:46:18]



CS 2019.02.01.2 - Bionatura

A: Naive library B: Five Il after C: After boosting immunizations
first boosting
HBsAg C-terminus HBsAg C-lerminus HBsAg C-terminus
{UniProt accession number P30013) {UniProt accession number P30019) {UniProt accession number P30018)
SESLPLLEIFSCLWVYI-—————— SLYSTLSPFLELLEIFFCLHVYT——————————— e
count=2 B IWVYI count=5 CEWVYI: > 52| count=8 I HCTHVY
count=3 BrwsrLoVYI count=7 cowWvY > 52 | count=7 IoCIWVY Y
count=2 JOTHLWVYT count=4 CUHVY > 51| count=5 I1 oGy
count=2 F C WVY count=2 CHHVY = 52 | count=3 TurCHWvY
count=2 FCoOWVY count=4 C WY > 52 | count=5 I C WYY
count=2 FC WY count=7 CIHVY > 51| count=2 L VYI
count=2 COWRVY count=2 CIOHVY = 52 | count=2 TG WVY:
count=2 & Wy count=3 WY > 52| count=2 I ICEWVY
count=2 WY count=3 CLH Y > 51| count=2 JERCTWVY
count=2 & WY count=2 B CLW ¥ =52 | count=3 PCOWVY
count=2 oWV count=3 CLW Y > 52 | count=8 WY
count=2 CrWVY count=17 CLW ¥ > 51| count=6 CLW ¥
cOLNt=2 CTHOY count=3 IRCIHWYEF] > 51| count=5 CTEVY
count=2 CCTHLY count=5 CLVYI > S1 | count=3 CORVY
count=4 F/COWVY = 51| count=5 VY
count=2 CLW ¥
P _ crH Y count=3 FUCIWVYL = 51| count=5 COWVY
count=2 FlICEWVY =51 | count=9 CWVYI
count=2 150 CLWYY i IULCTHVY ; > 51| count=3 CHVYT
count=2 St count=2 CLRV. I # 51| count=4 WIxLs
count2 = i count=8 LWV T > 51| count=4 D WYI
count=2 LWV I > 51| count=5 WVYI
count=2 IWV I > 51| count=2 WVYI
count=7 JLWVOI > 51| count=7 FCLW
count=2 » LoWYI = 51| count=T JCLWY
count=5 0 VYT > 51| count=9 CLWVI
count=3 VYD > 51| count=7 CLWY
count=2 e vYI # 52| count=4 CLWV
> 52| count=3 CLWV
> 52| count=3 CLWV:
> 52| count=6 CLWV
Total sequences occurring Total sequences occurring more than (Only 30 unigue sequences are shown)
more than once containing the | once containing the motif: 113 Total sequences occurring more than once
motif: 39 containing the motif: 319
Frequency: 1.8 x 107 Frequency: 4.5x 107 Frequency: 6.7 x 10°*

Frequency = Occurring sequences / Total sequences in dataset

Figure 1. Alignment of peptides containing C-terminus motifs (CLWVYI) retrieved from datasets corresponding to: A) the naive
ENTEI1 library, B) serum Slc (5-years after first boosting) and C) S1, S2 (after boosting immunizations). Highlighted residues
match their counterparts within the primary sequence of the C-terminus of HBsAg (UniProt accession number P30019). The
occurrence of each peptide is shown as counts. The frequency of all sequences containing the motifs is calculated as indicated. The

highest frequency was observed on those datasets obtained after boosting immunizations.

By applying this approach, five HBsAg epitope candidates were identified in silico from data generated from
peptide-phage display experiments using patient sera. A unique set of enriched epitopes was identified on datasets
corresponding to different time-points (Table 1). Up to four epitopes were enriched after boosting immunizations.
The number of identified enriched epitopes decreased over time, reducing up to two epitopes identified 5-years after
boosting.

Sample ID HBsAg epitopes candidates identified in silico

48 VCLGQ 104 13s PSCCC 178 221
52 LPVCPL 139 PFVQWF CLWVYI
109 183 226
S1 v v v v
Sla 7 . . v
S1b B J
Sle o W
| S2 ; V; 7 J
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Table 1. Overview of the epitope candidates identified in this study. A larger number of enriched epitopes were identified after first
and second boosting immunization (S1 and S2). Except 4,4V CLGQj5;, all motifs were previously reported by other groups as part of

larger immunogenic regions.

According to the patient’s vaccination records, the vaccination schedule suggested by the manufacturer was
completed in 2004 and two boosting immunizations were performed in 2010 and 2016, when his anti-HBs titers were
low. This correlated with the number of epitopes identified after boosting immunizations (S1 and S2). The different
number of epitope candidates identified in each peptide dataset suggests that different vaccine-specific antibodies are
produced over time.

Most of these epitope candidates were reported previously as human B-cell epitopes in the Immune Epitope Database
(IEDB; www.iedb.org), supporting the efficacy of our technology for the mapping of circulating antibodies directly
from patient sera (Table 2).

Epitope Reported Description References
candidate epitope(s)
s7VCLGQs1 No human epitope reported
'10LPVCPL10s | 100QGMLPVi6... | Discontinous epitope mapping of | Chenetal
163WEW g5 tour monoclonal antibodies by 1996
peptide phage display.
100QGMLPyos | Epitope localization of murine Reynaud ef al.,
monoclonal antibodies by peptide 2001
- phage display
104LPVCPLLPG- | Epitope mapping of human " Kazuto et al.,
-TSTTSTGP120 | monoclonal antibodies with 2010
_ - synthetic peptides
15sPSCCCrss | liéported in more than 20 studies

155PFVQis1 | 18 PEVQWFVGL Epitope mapping of murine i Paulij et al.,
186 monoclonal antibodies directed 1999
against native HBsAg obtained
from infected patient sera by
peptide scanning analysis.
321CLWVYILs | 24PLLPIF 210 | See above Reynaud et al.,
2001

Table 2. Summary of the epitopes candidates identified in this study and the reported human B-cell epitopes available on the

Immune Epitope Database (IEDB; www.iedb.org).

Several conformational epitopes have been reported within the a-determinant (residues 124-147). This region is
highly targeted by anti-HBs and confers protection against all subtypes, since it is shared by all serotypes and

genotypes of the virus 3. This region is thus considered the most immunogenic region and an important target for

diagnosis and immune prophylaxis 3 (3). However, we could identify only one enriched epitope candidate within the
a-determinant: the motif PSCCC. This epitope is particularly interesting, because it was identified in all peptide
datasets, except the dataset corresponding to Slc (Table 2). A plausible explanation for the identification of a single
epitope candidate in such a well-known immunogenic region is the presence of a number of methionine residues.
Since this residue was largely avoided during the ENTE] library design, enriched motifs containing methionine were
not identified in the peptide datasets.
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Variations of the specificity of the circulating vaccine-specific antibodies might be related to the identification of
additional epitope candidates (194LPVCPL g9, 178PFVQ131, 2201CLWVYI5¢). As shown in Table 2, the epitope

candidate 47VCLGQs; has not been reported as a human B-cell epitope. Further studies involving a larger amount of

patients are nevertheless needed to validate this epitope candidate in humans. On the other hand, the remaining
epitope candidates were previously reported as epitopes targeted by human and murine HBsAg-specific monoclonal

antibodies.

Five peptides (peptide length between 11-13 residues) containing three HBsAg epitope candidates identified in this
study were selected from the generated peptide datasets, synthesized and tested in a modified peptide ELISA-like
assay. Although the method has not been fully validated yet, serum IgG binding from S1c and S2 was positive for
two out of five peptides. This encourages the viability of our method in identifying peptide ligands specific against
HBsAg (Figure 2).

O = M W Pk 00 ®~ O
d

5 afl
Il kL EEENEE
S1c | S2 | S1c | S2 [S1c | S2 |S1c | S2 |S1c | S2 | S1c | S2
Reference LPVC-1 LPVC-2 PFVQ-1 PFVQ-2 VCLGQ-1

Relative value
(ODA450 Peptide + Serum / OD450 Only serum)

peptide
(EBV)
Peptide
m Non-treated surface B Treated surface with click-chemistry

Figure 2. ELISA-like assay of synthetic peptides selected from datasets obtained from peptide-phage display experiments on
patient sera. Peptides were coated by triplicates in treated 96-well microplates by click-chemistry. Subsequently, peptides were
incubated with patient sera (Slc, S2) and IgG binding was detected with goat anti-human IgG-peroxidase antibody (Sigma-
Aldrich). Results were expressed as relative values, i.e. dividing the mean absorbance (OD450) of peptide-serum reactions by the
mean absorbance of the reactions performed without peptide at the same wavelength. Peptides LPVC-2 and VCLGQ-1 showed a

remarkable IgG binding. An EBNA1-specific peptide (Epstein-Barr-virus nuclear antigen 1) was used as reference.

The increased number of identified epitopes (Table 2) and the larger occurrence of peptides containing an enriched
motif in datasets S1 and S2 (Figure 1) might be related with a 10-100 fold increase of HBsAg-specific antibodies that

typically follows shortly after re-exposure of the antigen to the memory B-cells 3. The protection by HBV

vaccination is guaranteed when anti-HBs titer > 10 UI/L are reached 1-2 months after immunization 2. Most
identified epitopes were detected in these datasets, suggesting an enhanced response upon boosting immunization in

this patient. This was confirmed by satisfactory anti-HBs titer after both boosting injections.
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Our results support those studies that suggest a successful prevention against acute viral infection even when anti-
HBs titers drop below 10 UI/L 12, Although there is strong evidence supporting the efficacy of HBV vaccine in the

prevention of acute and chronic infection up to 15 years after immunization of infants 3. two boosting injections were
advised to the patient evaluated in this study within a period of 12 years. The chronological identification of an
epitope candidate within the a-determinant correlated to the decreasing anti-HBs titer that ultimately determined the
need of boosting immunizations.

CONCLUSION

The profiling of antigenic regions from patient sera by phage display and NGS has been previously reported 6.8
nevertheless a very different approach is used in this study for the identification of potential epitopes. Here, the
identification of enriched motifs is supported by a robust statistical analysis within the sequenced phagemid pools,
taking into consideration the library design and its complexity. Despite the complex diversity of circulating
antibodies in patient sera, the in silico analysis of antigen’s 4-mer motifs from phagemid pools allowed the
identification of previously reported HBsAg epitopes in a single patient over time. The diversity of epitopes
identified at different time-points supports that changes in the specificity of the immune response occur after

immunization within the same subject.

This is the first study where the chronological response to vaccination was evaluated in terms of the identification of
B-cell epitopes directly from patient sera. Our results show that the largest number of B-cell epitopes was identified
in the datasets corresponding to sera collected after boosting immunizations. Since antibodies specific to other
fragments of HBsAg are also produced, the development of more precise immunoassays for the quantification of
anti-HBs might be feasible. The potential use of synthetic peptides for the validation of epitopes candidates identified
by this approach was preliminary demonstrated, although several improvements in the experimental setup and the
selection of peptides from the phagemid pools remain to be done. This technology might improve the rational antigen

design and aid the quality control of newly produced vaccines 8. Finally, further studies in a larger number of patients
may contribute to the improvement of the current understanding of the specificity of antibodies elicited after
vaccination or other immunotherapies.
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