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ABSTRACT

The Hepatitis B (HB) vaccine is efficacious in preventing hepatitis B virus infection. However, the associa-
tion between antibody response to the HB vaccine and dynamic immune repertoire changes in different
cell subsets remains unclear. Nine healthy participants were administered three doses of HB vaccine
following the 0, 1, 6 month schedule. Peripheral CD4* T, memory B (MB), naive B (NB), and plasma cells
(PCs) were sorted before vaccination and 7 days following each dose. The complementary determining
region 3 of T-cell receptor  (TCRB) chain and B-cell receptor (BCR) heavy chain (IgG, IgM, IgA) repertoires
were analyzed by high-throughput sequencing. All nine participants elicited protective antibody titers to
the vaccine at the end of immunization. Compared with the baseline, MB cells showed a significant
increase in 1gG usage and decreased IgM usage and repertoire diversity at the end of vaccination. TCRB
diversity changes were highly correlated with those of the BCR in MB cells in participants with a faster and
robust antibody responses. The percentage of shared clonotypes between NB and MB cells, and MB cells
and PCs were much higher than that between NB cells and PCs. The more clonotypes sharing the faster
and stronger antibody responses were observed after HB vaccination. These results suggest the integral
involvement of MB cells in vaccine immunization. Interaction between CD4" T and MB cells and B cell
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differentiation may improve antibody response to HB vaccine.

Introduction

Disease caused by hepatitis B virus (HBV) infection has
a worldwide distribution. Chronically infected individuals are at
a greatly increased risk of developing liver fibrosis, cirrhosis, and
hepatocellular carcinoma. Hepatitis B (HB) vaccination has been
shown a very successful way to prevent HBV infection. Following
HB vaccination, B cells can directly recognize HB surface antigen
(HBsAg) through the B cell receptor (BCR), providing the first
signal for B cell activation. The type 2 helper T (Th2) cells then
activate these B cells and help them differentiate into antibody-
secreting plasma cells (PCs) and memory B (MB) cells with high-
affinity." The antibody to HBsAg (anti-HBs) is used to assess
immunity to HBV.

BCR, the membrane-bound immunoglobulin (Ig) on the B-cell
surface, consists of paired heavy and light chains. BCRs have the
theoretical potential to generate more diversity than can be
uniquely displayed on the 10" B cells in an individual.’ Recent
research shows that the circulating Ig heavy chain (H) repertoire in
a person is comprised of between 9 and 17 million clonotypes.*
Initial BCR diversity is generated by combinatorial variable (V),
diversity (D), and joining (J) gene segments (heavy chain) or V and

J gene segments (light chain) rearrangements. Diversity is further
increased by the addition of palindromic and non-templated
nucleotides at the junctions between segments, and exonuclease
activity leading to potential nucleotide deletion. During response
to an antigen, further diversification occurs through rounds of
somatic hypermutation, followed by selection of B cells for
improved antigen binding in the germinal center.’

Advances in next-generation sequencing (NGS) allow simulta-
neous sequencing of millions of sequences, making in-depth
studies of the BCR repertoire possible.° > There is an increasing
body of data characterizing changes in the antibody repertoire
following vaccination.” In recent years, several studies have
focused on immune repertoire changes during HB vaccination.
Galson et al. analyzed the longitudinal response of both the total
and vaccine-specific antibody repertoire after each HB vaccination
using NGS.” They suggested that in the response to the first dose,
vaccine-specific BCR clusters are mainly derived from antece-
dently activated cross-reactive B cells with low affinity to the
vaccine. The higher affinity B cells were produced after succedent
doses. More recently, by conducting NGS on five volunteers,
Miyasaka et al. found that the T cell receptor (TCR) P chain
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complementary determining region 3 (CDR3) repertoire diversity
significantly increased, while the BCR IgG H chain CDR3 reper-
toire diversity significantly decreased after the second vaccination,
suggesting that these diversity changes might be associated with
a better response to the HB vaccine.'' However, longitudinal
differences and the relationship between B cell subsets, as well as
BCR and TCR repertoires, remain unknown, especially among
individuals with different anti-HB levels in response to the HB
vaccine.

In this study, we investigated the changes in the character-
istics and dynamics of BCR and TCR repertoires before and
after HB vaccination. Combined with serum antibody levels,
we demonstrate the importance of MB cells and their interac-
tion with CD4" T cells in antibody response to the HB vaccine.
These findings provide new insights into the evaluation of
responsiveness to the HB vaccination.

Participants and methods
Participant vaccination and anti-HBs testing

To exclude the influence of age on repertoire diversity, nine
healthy medical students with similar ages (18-21 years) were
recruited. All the participants were anti-HBs negative. Each parti-
cipant was administered three 20 pg doses of HB vaccine (Engerix
B, GlaxoSmithKline) following the 0, 1, and 6 month schedule.
Blood was taken immediately before vaccination (T1) and 7 days
following each dose (the first T2, second T3, and third T4 dose
inoculation). Blood serum was isolated by centrifugation. Anti-
HBc and anti-HBs titers were detected using the ARCHITECT
i2000SR (Abbott Laboratories, Chicago, IL, USA). This study was
conducted according to the principles of the Declaration of
Helsinki, and was approved by the Ethics Committee of Nanfang
Hospital. Written informed consent was obtained from all
participants.

Isolation of peripheral blood mononuclear cells (PBMCs)
and cell sorting

PBMC:s were isolated by density—gradient centrifugation and were
cryopreserved in liquid nitrogen until analysis. For cell sorting,
PBMCs (3-10 x 10°) were thawed as previously described.”
PBMCs were labeled with Live/Dead (Life Technologies), CD4-
APC, CD19-PE, CD20-FITC, CD27-PE-Cy7, and CD38-V450
(BD Biosciences). Using the FACSAria III Cell Sorter (BD
Biosciences) the following cell types were sorted: viable, CD4"
T cells; viable, CD19%, CD20", CD27*, CD38~ MB cells; viable,
CD19*, CD20*, CD27-, CD38™ naive B (NB) cells; and viable,
CD19%, CD20™ PCs.

RNA preparation and repertoire sequencing

Total RNA was extracted from sorted cells using TRIzol reagent
(Life Technologies, Carlsbad, CA, USA) and reverse transcription
was performed using 5' rapid amplification of cDNA ends. TCRp
and BCR heavy chains were amplified by nested PCR with
universal forward primers and TCR-, IgG-, IgM-, IgA-specific
reverse primers as previously described.'* TCR and BCR libraries
were generated using the NEBnext Ultra DNA Library Prep kit

(New England Biolabs, Ipswich, MA, USA) as described'® and
deep sequenced using the Illumina HiSeq platform (Illumina,
San Diego, CA, USA) with a read length of 2 x 250 bp.

Raw sequence processing

Initial quality filtering was performed to remove low-quality
sequences and the FASTQ files obtained by sequencing were
imported to MiXCR (version 3.0.7) for TCRp or IgH V, D and J
gene identification, CDR3 sequence extraction and error
corrections.'® Productive TCRB or IgH sequence reads were fil-
tered by removing: (i) any read with CDR3s shorter than four
amino acids (aa); (if) CDR3 contigs with a length that was not a
multiple of three; and (iii) contigs containing stop codons. Filtered
sequence reads with identical CDR3 aa sequence were considered
the same clonotype and were used for repertoire assessment.

Statistical analysis

Statistical analysis was performed using SPSS version 20 (IBM
Corp., Armonk, NY, USA). Circos display of shared clones was
performed by circos software package.'” The data are expressed as
median. The Kruskal-Wallis H test was used for comparisons
between three groups and shared clones. The Friedman’s M test
was used to compare values among four time points during
vaccination and values among cell subset-related samples. The
q test was subsequently used to determine which two values
were significantly different if the Friedman’s M test P-value was
<0.05. The Pearson correlation coeflicient was used to calculate
correlations. Two-sided P-values <0.05 were considered to be
statistically significant.

Results
Serological response after HB vaccination

All nine participants had an anti-HBs concentrations greater than
10 mIU/ml after the third vaccination. To analyze immune reper-
toire distinctions between individuals with different levels of anti-
body response, the participants were divided into three groups
based on their serum antibody concentrations. Groupl consisted
of participants 2 (P2), 6 (P6), and 8 (P8), all of whom had anti-
HBs concentrations greater than 10 mIU/ml after the first-dose
vaccination and greater than 1000 mIU/ml after the third. Group2
consisted of participants 3 (P3), 4 (P4), and 5 (P5), whose serum
antibody concentrations were lower than 10 mIU/ml after the first
two vaccination and were higher than, or just below 1000 mIU/ml
after the third dose. Group3 consisted of participants 1 (P1), 7
(P7), and 9 (P9), whose serum antibody concentrations were
lower than 10 mIU/ml after the first two doses of vaccination
and were lower than 300 mIU/ml after the third dose (Table 1).

TCRB and BCR IgH repertoire profiles

From each sample, we were able to isolate and sequence, on
average, 5.15 x 10° (2.25 x 10°-8.85 x 10°) CD4" T cells, 32,474
(13,554-48,503) MB cells, 4,412 (2,157-6,288) NB cells and 917
(630-1,248) PCs (median and interquartile range). The total
clean reads (4,405,090 from CD4" T cells, 512,348 from MB



Table 1. Clinical characteristics of enrolled participants.
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Group Group1 Group2 Group3
Participant P2 P6 P8 P3 P4 P5 P1 P7 P9
Age (years) 19 18 20 19 19 19 21 19 19
Sex Female Female Male Female Male Female Male Female Male
anti-HBc (IU/ml) 0.32 0.44 0.06 0.06 0.08 0.07 0.08 0.21 0.07
anti-HBs (mIU/ml)
T 1.31 2.16 3.53 0.79 0.11 1.05 0.00 0.45 0.00
T2 51.67 18.95 100.33 0.00 0.00 0.00 0.00 0.00 0.00
T3 180.35 446.11 >1000 0.00 0.00 0.93 0.00 0.52 0.30
T4 >1000 >1000 >1000 966.91 >1000 >1000 193.83 173.45 292.60

cells, 150,926 from NB cells, and 89,444 from PCs) were
obtained by NGS. Details of the TCR and BCR sequences are
displayed in Supplementary Material Table S1.

Relative Ig isotypes amounts between B cell subsets

Considering the low ratio of IgD and IgE (less than 10%
together), the IgA, IgG and IgM transcripts were amplified
and sequenced in the current study.”'" We found that the

relative isotype amounts differed between B cell subsets. IgM
transcripts were the most abundant in MB (52.1-55.4% of all
reads) and NB (56.5-61.6%) cells while IgA transcripts were
the most abundant in PCs (56.1-57.8%) at each time point
(Figure la). We next tracked the changes in isotype distribu-
tion between T1 and T4 and noticed a significant decrease in
relative IgM abundance and an increase in relative IgG abun-
dance in MB cells, while IgM and IgG usage showed no sig-
nificant difference in PCs and NB cells (Figure 1b).
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Figure 1. Isotype usage of different B cell subsets. Relative amounts of isotypes at each time point (a, b) and changes in isotype distribution between T1 and T4 (c).
***p <.001; **p < .01; *p < .05. T1, right before vaccination; T2, 7 days following the first dose; T3, 7 days following the second dose; T4, 7 days following the third dose.
MB, memory B cells; NB, naive B cells; PC, plasma cells; IgA, IgA type B-cell receptor; IgG, IgG type B-cell receptor; IgM, IgM type B-cell receptor.
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Additionally, we analyzed the composition of Ig isotypes
between the three participant groups at T1. In MB cells, IgG
usage increased: Groupl (26.2%) > Group2 (25.6%) > Group3
(23.4%), and IgM usage decreased: Groupl (53.3%) < Group2
(53.7%) < Group3 (57.6%) (p < .05). This may suggest that
individuals with a better antibody response possess more IgG
MB cells and fewer IgM MB cells before vaccination.

Diversity changes in various cell subsets after vaccination

To determine the diversity of the immune repertoires, we calcu-
lated the normalized Shannon diversity index (NSDE), an index
which is the normalized Shannon entropy by log2 (number of
unique TCR/BCR clones) and represents the clonal nature of

a

a sample irrespective of samples of different sequencing depth.'®
NSDE values range from 0 (least diverse) to 1 (most diverse).
Diversity of different subsets changed during HB vaccination
(Figures 2a & S1). Notably, in MB cells, NSDE values decreased
significantly at T4 while there was no significant difference
between time points in NB cells or PCs (Figure 2b). These results
indicate that clones might expand in MB cells after HB
vaccination.

Correlations between the changes of diversity in CD4*
T and B cells

Next, we examined whether the dynamic changes in diversity
in CD4" T cells were correlated with those in B cell subsets. In
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Figure 2. Diversity of BCR heavy chain repertoires during hepatitis B vaccination. (a) Dynamic changes in the diversity of MB cell repertoires in each participant. (b)
Comparison of diversity between time points in different B cell subsets. (c) The correlation between CD4* T and MB cell diversity changes. ***p < .001; *p < .05. NSDE,
the normalized Shannon diversity index. P1, P2, P3, P4, P5, P6, P7, P8, and P9 represent participant 1, 2, 3, 4, 5, 6, 7, 8, and 9, respectively. T cell change represents
diversity changes between each two time points in CD4" T cells; B cell change represents diversity changes between each two time points in memory B cells (MB). T2-T1,
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both kinds of cells, changes were measured by subtracting the
diversity value at the earlier time point from the value at the
later time point (e.g., T2-T1). Then, the differences were nor-
malized by the sum of the values at the two time points before
and after, e.g., (T2-T1)/(T1+T2). Pearson correlation and
p values were also calculated (Table 2). We found that there
were strong positive correlations between CD4™ T and MB cells
in all participants in Groupl, who had fast and robust antibody
responses. In contrast, this correlation was not observed in
Group2 or Group3 (Figures 2¢c & S2, Table 2).

Lack of shared clones between individuals

The overlap of immune repertoires between different indivi-
duals was investigated. We pooled together the immune
repertoires of all participants from different subsets at differ-
ent time points. Clones were annotated based on the number
of individuals sharing the identical CDR3 aa sequence. Most
clones were private in each subset repertoire and rare clones

Table 2. Correlation between diversity changes of B cell subsets and CD4" T cells.
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were shared between individuals (Figures 3 & S3). Even
though high level of anti-HBs was observed in every partici-
pant after the last dose vaccination, no identical BCR heavy
chain CDR3 aa was shared by the nine individuals at the same
time. Shared clones between participants displayed by circos
are shown in Figure S6. We have distinguished participants in
Groupl/2/3 by different color tracks. In the result, distribu-
tion of shared clones among a wide range of frequencies and
type switch between cell or Ig type was common. A better
repertoire convergence among participants in the same group
was not detected. Comparing with other time points, T4 show
less shared clones in quantity.

Shared clones between time points

Figure 4 shows the results of overlapping TCRp or BCR heavy
chain CDR3 repertoires from each volunteer at different time
points. The proportions of the common CDR3 aa sequences
appearing in all time points were low, especially in B cell

Correlation coefficient

Group 1 Group 2 Group 3
P2 P6 P8 P3 P4 P5 P1 P7 P9

Memory B cells

IgA 0.924** 0.991*** 0.979** -0.919* 0.133 0.913* 0.294 0.379 0.207

l9G 0.897* 0.969%* 0.967** —0.666 0.315 0.894* 0.312 0.421 0.237

IgM 0.865* 0.998*** 0.949** —0.904* 0.253 0.890* 0.294 0.370 —-0.267
Naive B cells

IgA 0.723 0.773 —0.935** -0.018 0.915* 0.952** —-0.657 0.617 0.473

19G 0.777 0.873* 0.207 —0.290 0.757 0.942%* 0.111 0.371 —0.214

IgM 0.810 0.900* 0.915* 0.240 0.550 0.963** 0.227 0.645 0.107
Plasma cells

IgA 0.527 0.374 0.124 —0.854* —-0.521 —0.868* 0.465 0.983*** 0.942**

19G 0.637 0.382 —0.565 -0.319 —0.146 —0.616 0.849* 0.973** 0.617

IgM 0.880* 0.951** —0.063 —-0.095 —0.705 —0.454 0.050 0.297 0.361

%D < 0,001; **p < 0.01; *p < 0.05.
Number of shared participants il 1 [l 2 [ 3l + B s B ¢ [ 7 [ s [ o

B Cell IgA 19G

Clone(%)

1gM VB

Time Point

Figure 3. Shared clones between individuals in different subsets. The number of participants sharing the clones is shown by color differences. T cell represents shared
clones in CD4* T cells repertoires. B cell represents shared clones in memory B cell, naive B cell, or plasma cell repertoires; IgA, IgG, IgM represent shared clones in IgA,
IgG, or IgM type B-cell receptor repertoires, respectively. MB, NB, PC represent shared clones in memory B cell, naive B cell, and plasma cell repertoires, respectively.
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dose and greater than 1000 mIU/ml after the third vaccine dose. Group2 consists of participants 3 (P3), 4 (P4), and 5 (P5), whose serum antibody concentrations were lower than
10 mIU/ml after the first 2 vaccine doses and were higher or just below 1000 mIU/ml after the third vaccine dose. Group3 consists of participants 1 (P1), 7 (P7), and 9 (P9), whose
serum antibody concentrations were lower than 10 mIU/ml after the first 2 vaccine doses and were lower than 300 mIU/ml after the third vaccine dose. ***p < .001; **p < .01;

*p < 05.

subsets. Most clones were only found at a single time point in
all cell subsets, indicating the drastic change in immune reper-
toires before and after vaccination, or due to undersampling of
cells.

Circos analysis was performed to display the shared
clones between consecutive time points in each person
(Figure S7). In the result, participants in each group line
up in a row. Intuitively, the participants in Groupl have
more connections in quantity. Clones existed in all of 4
time points (linked by black or gray lines) mainly occurred
in MB cells.

The proportions of clones shared between two time points were
relatively higher than those shared between more than two time
points (Figure S4). Therefore, we calculated the percentages of
clones sharing the same CDR3 aa sequence between time points in
all B cell subsets from each individual (Figure 4a). More clones
were shared between time points in MB and PCs than in NB cells
(p < .001; Figure 4b). There are more shared clones between T1
and T2 in PCs, probably due to a shorter period of sampling. In
MB cells, individuals from Groupl had a higher proportion of
shared clones between time points than did individuals from the
other two groups (Figure 4c).



Higher percentages of shared clones between B cell
subsets in Group1

To investigate the relationship between different B cell subsets, we
calculated the percentages of clones sharing the same CDR3 aa
sequence from each individual between each B cell subset pair at
each time point. The proportions of clones sharing common
CDR3 aa sequence between B cell subsets were rather low
(Figure S5). However, we noticed that the proportions of NB in
MB were significantly higher than those of NB in PC.
Simultaneously, the proportions of PC in MB were significantly
higher than those of PC in NB (Figure 5a). This indicated that NB
cells shared more clones with MB cells than with PCs, and that PCs
shared more clones with MB cells than with NB cells, suggesting
differentiation from NB to MB cells and then to PCs. Additionally,
we found that individuals in Groupl had higher proportions of
MB in NB and PC in MB than did individuals in other groups
(Figure 5c¢).

To further test the B cell differentiation suggested above, we
calculated the percentage of clones sharing the same CDR3 aa
sequence between one B cell subset and another subset from earlier
time points. The proportions of PC in MB were significantly
higher than those of PC in NB (Figure 5b). This suggests that
PCs shared more clones with MB cells than with NB cells from
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earlier time points. Meanwhile, individuals in Groupl had higher
proportions of MB in NB and higher proportions of PC in MB
than did individuals in Group 2 and 3 (Figure 5d). Therefore, we
speculate that increased MB cells sharing with NB cells and PCs
sharing with MB cells lead to a faster and stronger antibody
response after HB vaccinations. The differentiation from NB to
MB cells and then to PCs after vaccination positively affects anti-
body production.

To further investigate whether clones in MB cells which devel-
oped into PC cells enduring more somatic mutation. PC clones
are divided into two groups according to whether they were
shared in MB cells. The MB mutated counterparts of every PC
clone were identified by the following rule: Protein sequences with
the same V and J assignment and with CDR3 region differed by
no more than one amino acid, the identical shared clone in MB
itself was not included. These MB clones were considered as
somatic mutants of the PC clones. Then, in each group, how
many somatic mutation counterparts in MBs could be found in
one clone of PC on average was computed (Figure 6). All the
values of not-shared clones were very small, and in most subsets
the medians of shared clones were larger than those of not-shared
clones. In IgA, time-point pairs “T1inT1”, “T2inT1” and
“T4inT3” showed statistical significance. The result suggested
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Figure 5. The percentages of clones sharing the same CDR3 amino acid sequence between each B cell subsets at the same time point (a, ¢) and at different time points
(b, d). Percentages of shared clone at the same time point (a, c) or different time points (b, d) were summarized from Fig. S5 according to their time-point pair

information, respectively. ***p < .001; **p < .01; *p < .05.
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Figure 6. Numbers of mutated MB clone per one PC clone in shared and not-shared group. The shared group consists of PC clones shared in MB at the time point. On the
x-axis, a time point pair is in the form of “Ta in Tb”, which indicates the sharing of PC clones at the time point of “Ta” and MB clones at the time point of “Tb". * p < .05,

Wilcoxon signed rank test.

that clones in MBs that developed into PCs experienced stronger
somatic mutations.

Discussion

Most studies have assessed the protective effect of the HB
vaccine mainly through assessing the level of affinity and neu-
tralizing capacity of anti-HBs. NGS has been able to assess the
characteristics of the BCR and TCR repertoires. However,
whether distinct antibody responses to the HB vaccine between
different people could be revealed by immune repertoires
remains unclear. By sequencing the TCRp and BCR IgH reper-
toires of healthy volunteers before and after HB vaccination
using NGS, we investigated the immune repertoire character-
istics and dynamics, and assessed their correlations to gain
a better understanding of what may affect the antibody
response.

Previous studies have shown that IgM transcripts are the
most abundant in total B cells from PBMCs. Moreover, the
relative amount of IgM decreases while the proportion of IgG
and IgA increases in PBMCs after vaccination.”'® In the cur-
rent study, we sorted out three B cell subsets (NB, MB, and PC)

before and after each vaccination to investigate differences in Ig
isotype distribution and dynamic repertoire changes in the
different cell subsets. When all three B cell subsets were
counted together, the ratio of IgM decreased while the relative
amount of IgG increased at the T4 time point (data not shown).
When each B cell subset was observed separately, we noticed
the relative amount of IgM decreased and the proportion of
IgG increased significantly in MB cells at the T4 time point
compared with the observed levels at the T1 time point. This
may be due to the clonal proliferation of antigen-specific MB
cells after HB vaccination because IgG MB cells have a higher
proliferation and plasma-cell differentiation capacity.'”* We
also noticed that IgA was the most abundant in PCs. Likewise,
Laseron et al. found that although the relative amount of IgA
was higher at the RNA level, the level of IgA antibody in serum
was lower, possibly due to the faster clearance of IgA antibodies
and the enrichment of IgA cells in mucosal tissues.'” Another
study also found that in antigen-specific B cells, the IgA pro-
duction by PCs was higher than that of MB cells, and the ratio
of IgG to IgA antibodies in serum was inconsistent with the
observed RNA levels.”' They reported that antigen-specific IgA
antibodies were found when vaccines were administered by



injection, suggesting that IgA antibodies might offer systemic
immune protection different from that of IgG PCs.*'

Notably, anti-HB titers increased remarkably at T4 in all parti-
cipants, while the diversity decreased significantly at T4 only in
MB cells and not NB cells or PCs. In other words, increased anti-
HBs levels associated with decreased in MB cell diversity resulted
from clonal proliferation. Study on human immunodeficiency
virus vaccines also suggested that the vaccination-induced IgH
clones mostly derived from MB cells.”> MB cells are long-lived
even in the absence of antigen.23 Therefore, proliferation of MB
cells will form a solid immune memory to provide protection
against HBV infection for ten or even 30 years after HB
vaccination.”**> We were surprised that decreased diversity was
not significantly observed in PCs despite an obvious increase in
anti-HBs levels in our study. Perhaps the majority of PCs in the
peripheral blood were short-lived antibody-secreting cells differ-
entiated from MB cells after antigen stimulation.”> While long-
lived PCs surviving in the bone marrow and the red-pulp of the
spleen were hardly analyzed in this study.*>*’

We found that few clones were shared between different indi-
viduals. Even though all nine participants in this study generated
protective anti-HBs with high titers after three doses of immuniza-
tion, very few B-cell clones were shared between them. The med-
ian proportion of clonotypes appearing in only one volunteer in
MB cells, NB cells, and PCs were 99.1%, 99.6%, and 97.9%,
respectively. Therefore, most of the clonotypes were unique to
each individual. Moreover, common CDR3 aa sequences were
mainly shared by only two volunteers. Sequences shared by
more than three volunteers were very rarely observed. Similarly,
results from previous studies showed that shared sequences
between different participants were few, and that B cell libraries
were mainly composed of private clones in the absence of any
intervention.'>*® Ma et al. found that even after receiving common
antigen stimulation, there were only a small number of CDR3
sequences shared by three volunteers. Identical IgG or IgM CDR3
aa sequences among the three volunteers was not found.”
Simultaneously, comparing our BCR library sequences from the
nine volunteers with previously published anti-HBs sequences did
not reveal additional identical CDR3 aa sequence.” This is likely
due to genetic background differences between individuals and the
randomness of the antibody producing process after stimulation
with the same antigen.

B cells responding to the first dose of HB vaccine were largely
previously activated cross-reactive cells with low affinity for the
vaccine, and higher affinity B cells were present following subse-
quent doses.” Our results demonstrated that among all nine
volunteers, individuals in Groupl possessed the highest percen-
tage of IgG and lowest percentage of IgM in their MB cells at T1.
This suggests that MB cells from Groupl were more activated at
the baseline and more likely to contain cross-reactive B cells
responding to the first HB vaccine. Another possibility is that
they have had HB vaccine or contacted with HBV previously
because the high prevalence of HBV in China, though we con-
firmed that all participants are HBsAg and anti-HBs negative
before vaccination.

To further investigate whether some other factors may be
involved in antibody response to HB vaccination, we then ana-
lyzed the relationship between diversity change in CD4" T and
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B cell subsets. We found strong positive correlations between
CD4" T and MB cells in all participants in Group1, who had fast
and robust antibody responses. This correlation was not obvious
in the other two groups. Not only can Th2 cells activate B cells and
help their differentiation and proliferation, but B-cell activation
can in turn influence the clonal expansion of lower-avidity T—cell
clonotypes and clonotypically diversify the CD4* T cell response.”’
Therefore, the individual with a stronger correlation between
CD4" T and MB cells may have a faster and more robust antibody
response. Moreover, differences in human leukocyte antigen
(HLA) class II alleles were associated with response to the HB
vaccine.”>* As an antigen-binding molecule, HLA class II can
meanwhile interact with CD4. Whether different HLA class II
alleles lead to differences in the interaction between CD4" T and
MB cells and subsequently influence the response to HB vaccine is
worth investigating.

Furthermore, when analyzing the immune repertoire over-
lap between different B cell subsets, we noticed that NB cells
shared more clones with MB cells than with PCs, while PCs
shared more clones with MB cells than with NB cells.
Compared with the other two groups, individuals in Groupl
possessed the highest proportions of shared clones between
NB and MB cells and between PCs and MB cells. This suggests
that NB cells prefer to differentiate to MB cells and then to
PCs rather than directly to PCs. This is consistent with the
results of diversity and isotype usage in different subsets
discussed above. This differentiation trend is likely to
improve the antibody response to the vaccine. The more
MB cells sharing with NB cells and the more PCs sharing
with MB cells, the faster and stronger the antibody response
will be after HB vaccination. Whether the shared clones are
vaccine specific and their affinity to the vaccine antigen
require further study.

There are some limitations in the study. First, the number of
participants in the study is small. Only 9 participants were
recruited and all generated protective levels of anti-HBs after
the third vaccination. They were further divided into three
groups based on their speed of response to HB vaccine. The
small number of participants in each group may increase the
chance of the differences. Second, we are unable to confirm the
vaccine specificity of shared or longitudinal dynamic clones
due to the lack of sorting and pairing the heavy and light chains
of the clones.

In this study, we identified the TCRp and BCR heavy chain
repertoires in nine healthy individuals before and after HB
vaccination. Combined with serum antibody levels, we found
that the baseline activation state of MB cells, interaction
between CD4" T and MB cells, and B cell differentiation may
be critical factors in the formation of a humoral response to the
HB vaccine. These findings will improve our understanding of
evaluating the effect of the HB vaccine and other new vaccines
in the future.
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