HUMAN VACCINES & IMMUNOTHERAPEUTICS
2021, VOL. 17, NO. 2, 566-574
https://doi.org/10.1080/21645515.2020.1775457

Taylor & Francis
Taylor &Francis Group

RESEARCH PAPER

’ W) Check for updates ‘

Circulating follicular helper T cells and subsets are associated with immune response
to hepatitis B vaccination

Mingjuan Yin***, Yongzhen Xiong*, Lingfeng Huang®, Gang Liu¢, Zuwei Yu', Yi Zhao?, Jie Zhao", Yan Zhang?,
Tingyu Lian9, Jingxiao Huang¢, DongMei Liang?, JinMei Zeng?, and Jindong NiP¢

2Department of Preventive Medicine, Guangdong Medical University, Dongguan, China; ®Maternal and Child Research Institute, Women and

Children’s Hospital Affiliated to Guangdong Medical University (Shunde District Maternal and Child Health Hospital), Foshan, China; <School Clinic,
Guangdong Medical University, Dongguan, China; Department of Epidemiology and Biostatistics, Guangdong Medical University, Dongguan, China;
¢Department of Immunization Program, Shenzhen Center for Disease Control and Prevention, Shenzhen, China; fPublic Health Office, Dalang Town
Community Health Service Center, Dongguan, China; 9Microbiology and Immunology, Guangdong Medical University, Dongguan, China; "Neonatal

Department, Shenzhen Maternal and Child Health Hospital Affiliated to Southern Medical University, Shenzhen, China

ABSTRACT

Around 5-10% of healthy vaccinees lack or produce an inadequate antibody response following receipt of
a standard hepatitis B vaccination regimen. Studying immune response to hepatitis B vaccination could
promote researches of immunological events contributing to this poor response. To address this, we
investigated follicular helper T (Tfh) cells and firstly demonstrated similar kinetics between circulating Tfh
(cTfh) cells and Tfh cells derived from mice spleen after hepatitis B vaccination. And cTfh cells were
positively associated with anti-HBs at one week after vaccination (D7). Furthermore, we found PBMCs
stimulated by HBsAg showed preferential activation of CXCR3™ Tfh cells subsets in vitro. The expression of
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transcription factor BCL6 in CD4™ T cell significantly differed between D7 and four weeks after vaccination
(D28). However, dynamic curve of CD19" B cells tended to rise then fall but no significant trends were
observed. Our findings revealed a decrease in cTfh cells and subset skewing contribute to reduced
antibody responses in immune response to hepatitis B vaccination, which indicated the importance of

Tfh cell in facilitating the optimization of vaccine efficacy.

Introduction

Hepatitis B virus (HBV) infection affects approximately
257 million people worldwide, with estimated 900,000 deaths
annually primarily attributed to HBV-related complications."
On account of lack of its functional cure and life-threatening
complications, well-established vaccination programs with
outstanding effectiveness against HBV have been considered
the primary defense against HBV. Over the past three decades
hepatitis B vaccination has been widely available across the
world, there has been an overall downtrend in HBV preva-
lence. However, the global HBV infection elimination goals
which were put forward by WHO remain to be achieved."?
There is epidemiological evidences around 5-10% of healthy
adults lacked or produced a poor antibody response following
completion of a standard three-dose vaccination regimen with
anti-HB titers lower than 10 IU/L.’> This would leave the
population still vulnerable to HBV in areas where it is endemic.
Importantly, studying immune response to hepatitis
B vaccination will be of great value in ascertaining the immu-
nological events that lead to poor responses, especially in
susceptible adult populations.

The cellular mechanisms responsible for immunological
responses to hepatitis B vaccine have not been fully eluci-
dated to date. Given that hepatitis B surface antigen
(HBsAg) are strict T-cell-dependent antigens, T cells are

considered a prerequisite for protective antibody produc-
tion in hepatitis B vaccination. When T cells are activated
by diverse antigens, they differentiate into specific effector
subsets to directly assist B cell in proliferation, differentia-
tion and antibody class switching in the germinal center
(GQC). Therefore, T helper (Th) cells are pivotal component
in clarifying the mechanisms responsible for the immune
response to hepatitis B vaccination. Previous research in
this area focused on traditional Thl and Th2 cells and
their cytokines.* However, their data were complicated
and controversial regarding the role of Thl and Th2 cells
in the poor vaccine-induced immunity to HBV.>°
Moreover, recent findings showed Thl and Th2 cells and
their cytokines only participated in the activation of B cells
and antibody class switching,”® which may explain the
inconsistent results in terms of the role of Thl and Th2
cells in the poor response to vaccination.

Recently, follicular helper T (Tth) cells, characterized by
high expression of CXCR5, BCL6, PD-1, and ICOS have been
clarified as a major function of CD4" T cells in assisting with
B cell differentiation, GC generation and antibody maturation
via a stable interaction with B cells and have been discussed in
a surprising range of human immune diseases.” Among these,
some researchers investigated whether Tth cells were cellular
determinants of vaccine-induced immune responses, especially
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in the case of vaccine failure.'"’ Tth cells can be divided into
three subpopulations according to the expression of CXCR3
and CCR6.'"' Interestingly, specific Tfh cell polarization
emerged after challenge with different antigens and different
subsets displayed distinct capacities to assist B cells.'">”"* While
we previously reported initial studies exploring changes in cTth
cells and crucial microRNAs after revaccination with hepatitis
B vaccination," the role of cTth cells subset and Tth cells in
spleen during the immune response against HBV remains
unclear. It is technically challenging to obtain Tth cells from
the lymph of humans. Fortunately, circulating Tth (cTth) cells
presented a similar phenotype and sustained B-cell responses
after reactivation to be substituted in place of Tth cells.'® In
brief, we aimed to identify specific changes in Tth cells and
subsets that were related to hepatitis B vaccine-induced anti-
body generation in the current study. These findings would
provide a basis for improving poor responses and the rational
design of optimized vaccines.

Materials and methods
Ethics approval

This study was approved by the Ethics Committee of the
Afhliated Hospital of Guangdong Medical University (Permit
Number: PJ2015034KT). Written informed consent was pro-
vided by individual participants following a clear explanation
of the study process, benefits and possible adverse effects.
Animal experiments were approved by the Ethical Committee
for Animal Research of Guangdong Medical University
(Permit Number: GDY1801060).

Human subject for cohort 1

We recruited healthy volunteers prior to the start of the
experiment. All subjects met the following inclusion cri-
teria: (1) no history of HBV, HCV or other acute or
chronic infectious disease, (2) history of a three-dose ser-
ies of hepatitis B vaccination, and (3) no contraindications
to hepatitis B vaccine. In total, a cohort of 16 healthy
volunteers were recruited from the Community Health
Service Center of Dalang, Dongguan (China). Basic infor-
mation (such as age, sex, immunization history of HBV
vaccine in vaccination record) was obtained in
a questionnaire survey. The age and gender of volunteer
were 31.5 (24-44) years and 8/8 (male/female), respec-
tively. Seventy-five percent of people have been vaccinated
for more than 10 years. One dose of 20 pg hepatitis
B vaccine (recombinant hepatitis B vaccine, Engerix-B,
GlaxoSmithKline, Brentford, UK) was used for intramus-
cular immunization of the upper arm of all eligible indi-
viduals at the Community Health Service Center at
Dalang. Peripheral blood samples were collected before
vaccination (DO0), and one week (range 7-8 days, D7),
two weeks (range 14-15 days, D14), and four weeks
(range 28-29 days, D28) after vaccination. According to
antibody titer at D28, we classified healthy volunteers into
responders (>100 IU/L) and non-responders (<10 IU/L).
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Human subjects for cohort 2

Study subjects who have history of 0-, 1-, and 6-month
standard schedule vaccination but no history of HBV infec-
tion and contraindications were recruited and consented at
Guangdong Medical University (Dongguan, China). We
recruited 12 women whose age ranging from 19 to 25.
Eligible individuals were also injected a booster hepatitis
B vaccination. Among these, blood samples of 12 eligible
healthy young volunteers were collected at DO, D7, and D28
for further peripheral blood mononuclear cell (PBMC) sti-
mulation with HBsAg.

Mice

BALB/c mice (6-8-weeks old, female) were purchased from the
Central Animal Facility of Southern Medical University
(Guangzhou, China) and housed in the SPF-level Laboratory
Animal Room (Pearl Lab Animal Sci & Tech Co., Ltd,
Dongguan, China). Animals were fed a standard rodent diet
and tap water ad libitum throughout the whole study. Mice
(n =9 per group) were immunized intramuscularly with 0.25,
0.5, 1 and 2 pug of hepatitis B vaccine (Shenzhen Kangtai
Biological Products Co., Ltd.). Mice were euthanized by cervi-
cal dislocation. The spleen and blood were quickly removed
and measured after vaccination at 7, 14 and 21 days,
respectively.

Processing of blood samples and multicolor flow
cytometry

Fasting venous blood samples were collected from eligible
subjects. The serum was obtained (200 pL/tube) and stored at
-80°C. Human freshly isolated PBMCs at 10°/tube from differ-
ent points for each individual were stained in duplicate with
antibodies for T cell and B cell staining. Antibodies Anti-
human CD4 PerCP-Cyanine5.5 (eBioscience), Anti-human
CD185(CXCR5) PE (eBioscience), Anti-human CD278
(ICOS) APC-eFluor 780 (eBioscience) were stained for T cell
and Hu CD19 PE HIB19(BD Biosciences) for B cell. Similar
methods have been reported by our previous study."

PBMC stimulation with HBsAg

Twelve people were recruited from the cohort. One microgram
HBsAg without Aluminum adsorbent (Shenzhen Kangtai
Biological Products Co., Ltd.) was added to the supernatants
in the antigen stimulating group. PBMCs with or without
HBsAg were cultured in RPMI-1640 (Gibco) supplemented
with 10% newborn cow serum (Gibco) and 1% penicillin-
streptomycin, and were incubated at a humidified 37°C incu-
bator in 5% CO,. After 24 h stimulation, cells were incubated
with the antibodies indicated above and then the expression of
cTth cells in response to stimulation with HBsAg was assessed
by flow cytometry. Flow cytometry scheme was Anti-human
CD4 PerCP-Cyanine5.5, Anti-human CDI185(CXCR5) PE,
Anti-human CD278(ICOS) APC-eFluor 780, Anti-human PE-
Cyanine 7 CXCR3 from eBioscience company.
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Determination of serum anti-HBs by ELISA

The levels of anti-HBs were also quantitatively determined at
baseline and post-vaccination using the Human HBsAb ELISA
kit (Da An Gene Co. Ltd., Guangzhou, China) according to the
instructions provided by the manufacturer and all standards
were tested in duplicate.

Immunofluorescence (IF) staining and analysis

IF staining was used to assess the protein expression of CD4
(anti-CD4 antibody [EPR19514, Abcam]) and CXCR5 (anti-
CXCR5 antibody [ab203212, Abcam]) in spleens. Tth cells
were graded quantitatively in three representative fields selected
at random (40x) according to the Fromowitz standard.'” The
spleens were removed from mice and fixed in 4% formalin.
Antigen retrieval was conducted after dewaxing of the paraffin-
embedded tissue blocks. The specimens were blocked with anti-
body dilution buffer (2% goat serum) for 30 min. Tissue sections
were then incubated with primary antibodies overnight at 4°C.
After three washes, the sections were incubated with secondary
antibodies for 1 h at 37°C. Then, the sections were counter-
stained with hematoxylin for 3 min.

For some micrographs, microscopy (OLYMPUS DP71,
Japan) was performed to scan a large area of the spleen and
then adjusted to a 40x magnification. After the acquisition, the
images were analyzed by immunochemical staining of anti-CD4
and anti-CXCRS5 antibodies on the same sections. CXCR5 and
CD4 double positive cells were identified as Tth cells. Tth cells
were graded quantitatively by two independent observers in
three representative fields selected at random (40x) according
to the Fromowitz standard, which depends on both the intensity
and percentage of positively stained cells.'” In brief, intensity was
graded according to the scale: 0 = absent, 1 = weak, 2 = moderate,
3 = strong; the percentage of CD4-positive cells was graded as:
0 =<25%, 1 =26-50%, 2 = 51-75%, 3 = >75%; and the number
of CXCR5-positive cells were graded as 0 = <5, 1 = 5-10,
2 =11-15,3 = > 15). The final staining score was the summation
of the intensity and percentage scores. An overall score <4 was
defined as low Tfh cell expression, =5 but <7 was defined as
intermediate expression, and >8 was defined as high expression.

Cell isolation and real-time quantitative PCR

Similar methods of cell isolation have been reported by our
previous study.'”” cDNA was generated with the Transcriptor
First Strand cDNA Synthesis kit (Roche, Mannheim, Germany)
on an ABI 7500 PCR instrument (Applied Biosystems) in a total
volume of 10 pL. The optimum temperature cycling protocol for
the amplification of genes and mature miRNAs was 95°C for
15 s, 56°C for 30 s and 60°C for 30 s for 40 reaction cycles. The
housekeeping genes ACTB were used as endogenous. The results
were calculated using the 27*“* method. Detailed information on
the primer pairs is shown in Table 1.

Statistical analysis

Differences between multiple time points were examined
using One-Way Repeated Measures Analysis of Variance.

Table 1. Primers.

Gene Primer sequence (5’ - 3')
ACTB

Forward CTACCTCATGAAGATCCTCACCGA
Reverse TTCTCCTTAATGTCACGCACGATT
BCL6

Forward TTCCGCTACAAGGGCAAC
Reverse TGCAACGATAGGGTTTCTCA

When data did not show a Gaussian distribution,
Friedman test was used to analyze repeated measures
data in mice experiment.'® For comparison between two
continuous populations, paired two-tailed Student’s t-tests
were performed as appropriate. The levels of anti-HBs
were quantitatively analyzed based on Arithmetic mean.
Correlations between variables were carried out using
Pearson’s or Spearman correlation coefficients as appro-
priate. A Wilcoxon signed-rank test was applied when
data did not show a Gaussian distribution. All statistical
analyses were performed with the SPSS 15.0 software
(SPSS Inc., Chicago, IL, USA) and GraphPad Prism 5
software (GraphPad Software Inc., La Jolla, CA).
A P value of less than .05 was considered statistically
significant (¥, P < .05; **, P < .01; ***, P < .001).

Results

cTfh cells from healthy vaccinees peaked at 7 days
following hepatitis B vaccination

We recruited a cohort of subjects to study T cell change after
hepatitis B vaccination (Figure 1A). Based on Tth cells
function in antibody formation, it was important to gain
insight into whether cTfh cells were the main functional
CD4" T cell subset in hepatitis B antibody production.
Firstly, total cTfh cells were gated as CXCR5'CD4" cells,
and longitudinally tracking cTth cells found a significant
difference in dynamic changes and presented peaks at D7
(P = .005) (Figure 1B). Blood cTth cells expressing ICOS
were proposed to represent an activated state and were thus
gated as the ICOSTCXCR5" in CD4" T cell population to
facilitate investigation of the activation of cTth cells.
A significant difference existed in the dynamic change of
ICOS* Tth cells (P = .008) (Figure 1C). In parallel, tran-
scriptional expression of BCL6 in CD4™ T cell, a key tran-
scription factor of Tth cells, significantly differed between
D7 and D28 (P < .05) (Figure 1D).

Our kinetics study also showed the generation of protective
antibody responses presented a general upward trend from
baseline to D28 (P < .001) and all enrolled volunteers were
responders with antibody level higher than 100 IU/L (Figure
1E). To study CD19" B cells, referred to as inactivated B cells,
we utilized antibodies against CD19 during the development of
immune responses to hepatitis B vaccination to study dynamic
changes in B cells. The results showed the dynamic curve
tended to rise then fell but no significant trends were observed.
However, the cTth cells that emerged in blood were positively
associated with anti-HBs at D7 but not other time points
(Figure 1F,G).
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Figure 1. Kinetics study from healthy adults following hepatitis B vaccination. (A). Longitudinal study design. Blood was collected at the baseline
before vaccination, 7 days post treatment (dpt), 14dpt, and 28dpt (n = 16). (B) Kinetics of frequency and representative dot plots of gating strategy for
the analysis of CXCR5*CD4*T cell and (C) ICOS*CXCR5"CD4T cell at DO, D7, D14, and D28. (D) Measurement of BCL6 mRNA relative expression by qRT-
PCR at DO, D7, D14, and D28. (E) Measurement of serum anti-HBs by ELISA at DO, D7, D14, and D28. (F) Correlation between frequencies of cTfh cells and
anti-HBs at D7. (G) Kinetics of frequency and representative dot plots of gating strategy for the analysis of CD19*B cell at DO, D7, D14, and D28. DO:
before vaccination after vaccination; D7: range 7-8 days after vaccination; D14: range 14-15 days after vaccination; D28: range 28-29 days after

vaccination.
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Immunization with HBsAg induces significant levels of Tfh
expression in the spleens of mice

Although growing evidence shows cTth cells share functional
properties with Tth cells during vaccine responses,'®™' we also
measured Tfh expression in the spleens of mice to verify cTth
cells as a convenient alternative after specific hepatitis
B vaccination (Figure 2A). The results showed anti-HBs showed
an upward trend with increased immunization with high anti-
gen doses at D7 in the different antigen dose groups, demon-
strating a dose-response relationship. It was intriguing that 1 pg
group contributed the highest level of anti-HBs compared with
the other dosage groups and presented significant peaks at D14
(Figure 2B). Subsequently, we used a well-established immuno-
logical marker of the concomitant expression of CD4, CXCR5 in
the same spleen sections to represent Tth cells by immunohis-
tochemistry (Figure 2C). Given that Tth cells were involved in
antibody generation in lymphoid organs, it was important to
further probe this similarity with lymphoid Tth cells. These cells
significantly increased up to D7 and then showed a general
downward trend in 1 pg group (Table 2).

HBsAg stimulation of PBMCs from young vaccinees
contributed to the generation of antibody by preferentially
activating CXCR3™ Tfh cells in vitro

To validate our observations, we obtained PBMC samples from
a cohort of young volunteers to explore whether HBsAg-
specific cTth cells would change upon antigenic challenge
in vitro. The kinetics study showed the anti-HBs presented

b
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a general upward trend from baseline to D28 and 11 people
were responders. (data not shown). A previous study reported
cTth cells also potently induced antibody production in vitro.**
For this analysis, the total and activated cTth cells in HBsAg-
induced PBMC cultures also showed a significant increase at
different time points, with the exception of total cTth cells at
D28. It is intriguing that the analyzed different cell population
particularly increased response to stimulation at DO compared
to later time points (Figure 3A,B).

Subsequently, CXCR3 expression in cTth cells was assessed.
Importantly, we demonstrated that Tth2 and 17-polarized
CXCR3Tth cells showed an increase at DO, whereas Tthl-
polarized CXCR3*Tth did not increase after in vitro stimula-
tion (Figure 3C,D), which implied that Tth cells might differ-
entiate into fully functional effector CXCR3™Tth subsets upon
activation with HBsAg in accordance with long-lived antibody
responses.

Discussion

Over the past decades, the currently available safe and effective
hepatitis B vaccine and standard vaccination schedules have
made an overall decline in infection rates. Despite this, 5-10%
of individuals do not exhibit an antibody response and the
precise cellular events contributing to low hepatitis
B vaccination remain largely unknown. Given the importance
of Tth cells in antibody responses, some researchers have
explored the role of Tth cells in vaccine responses. Tth cells
have been explored in response to hepatitis B vaccine but only
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Figure 2. Imnmunization with HBsAg induces significant levels of Tfh expression in spleen of mice. (A). Mice study design. (B) Anti-HBs level after 0.25 pg, 0.5 pug,
1 pg, 2 g hepatitis B vaccine measured by ELISA at days 7, 14, and 21 after vaccination (n = 3 per time point). (C) Representative immunohistochemistry (IHC) staining
of mice spleen samples with CD4, CXCR5 (magnification, x40). Yellow indicates positive cells.
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Figure 3. Tfh cells subsets expression after HBsAg stimulation of PBMCs from young adults in vitro. (A-D). Comparison between frequencies of CXCR5*CD4*T
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Table 2. The expression of cTfh cell with 1 pg HBsAg in mice.

Time Mean rank X P value
Day 0 58.44 8.052 0.045
Day 7 83.23

Day 14 76.03

Day 21 70.61

in HIV-1-infected children receiving ART with impaired
CD4'T cells, and contradictory results were obtained in the
cTth cell profile.>>** In this study, we explored the cTth cell
and subsets profile in response to hepatitis B vaccination
among healthy volunteers, which provided clues for further
low-responsiveness to hepatitis B vaccination study. To our
best knowledge, our study is the first to report the specific
contribution of Tth cells in spleen and subsets to the immune
response to hepatitis B vaccination. Our findings provided
evidence of promising targets with which to improve vaccine
efficacy against HBV.

Obviously, it is a challenge to characterize lymphoid Tth
cells longitudinally in healthy humans at different time
points, thus we analyzed dynamic alterations in
CXCR5"CD4" T cells in mice spleens to demonstrate the
role of Tth cells in antibody titers following hepatitis
B vaccination, as previously described for human blood Tth
cells as substitutes for specific Tth responses in lymphoid
tissues.”> We determined the optimal dosage (1 pg) of
HBsAg after different dosage vaccines to explore the role of
Tth cell. Interestingly, anti-HBs levels declined with time after

vaccination of 2 pg HepB vaccine, which is different from the
trends in other dosage groups. This phenomenon may be
attributed to the superior ability of high dose vaccine to
activate Tth cells which caused quickly memory immune
response to assist B cell in antibody production and peak of
antibody level to shift to an earlier date.'”*°For further ana-
lysis, significant changes in both CXCR5'CD4" T cells and
antibodies after vaccination and the similar dynamics and
peaks between cTth cells and lymphoid Tth cells supported
the idea CXCR5'CD4" T cells could act as a convenient
alternative to lymphoid Tth cells in analysis of the immunol-
ogy induced by specific hepatitis B vaccine. Previous similar
study also showed significant increase in Tfh cell after
revaccination’” which supported significant kinetics of fre-
quency of cTfh and lymphoid Tfh cells after vaccination.
However, some studies reported inconsistency result in the
frequencies of cTth cells among different level of anti-HBs
titers responders.””?® The inconsistency may be due to study
design, such as study participants, doses of vaccine, and
history vaccination. Our study was based on healthy young
people with history vaccination and Xing M group provided
a full course of vaccination to chronic hepatitis patients with-
out history vaccination®”*® and Li X et al. studied efficacy
vaccination in 0- to 8-year-old children.?’” It was also possibly
that cTth cells function besides number played an important
role in low-responsiveness to hepatitis B vaccination.*
Further study in large cohorts need to clarify role of cTth
cells for low-responsiveness to hepatitis B vaccination.
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ICOS expression is involved in Tfh generation and GC
formation upon antigen challenge and is often used to define
activated cTth cells.’® We also assessed ICOS*CXCR5"CD4"
T cells and found an increased frequency of ICOS-expressing
cTth cells, with similar results being reported with other types
of vaccine.'>! It is possible that the rapid increase in the total
and activated cTth cells in blood undergoing revaccination
reflects a rapid memory immune response to vaccination by
activating preexisting memory cTth cells.”” In addition,
although the total as well as the activated cTth cells from
healthy volunteers appeared to peak at D7 post vaccination
and were substantially lower at D14 and D28 following hepa-
titis B vaccination, which was in line with our previous
results,'” cTth cells still sustained expression at a higher level
during our observation period. Xing M et al.*® also reported
ICOS™ pTth cells underwent expansion only in healthy respon-
der group, which supported role of ICOS™pTth cells in indu-
cing anti-HBs production. BCL6 expression significantly
differed between D7 and D28, supporting a specific transcrip-
tion factor in Tth cell differentiation. Moreover, the cTth cells
that emerged in blood were positively associated with anti-HBs
at D7, indicating that cTth cells may involve in the specific
response to hepatitis B vaccination. It was widely recognized
that GC-Tth cell formed from pre-Tth cell at D7 and memory
Tth cell recalled just for 3-4 days.” Other studies also reported
association between cTth and vaccine response in this pivotal
time point.'>** However, we did not find a similar association
at other time-points. The possible reason is that Tth cell level
peaked at D7 have played a dominant role in antibody genera-
tion. When all Tth cell from healthy people maintained a high
level, association at D28 was weakened. It was might that
pivotal time point lacked in previous study leading to a result
that no significant difference of cTth cells was found among
non, low and high responders.”® These observations supported
our work extending toward the specific role of cTth cells in the
low-responsiveness to hepatitis B vaccination.

Further determining the major subset of Tth cells is a key step
in elucidating the role of Tth cells and their differentiation in the
development of immune responses to hepatitis B vaccine. Tth2
and 17-polarized CXCR3 Tth cells emerged as the subsets with
superior capacity than others in cTth cell pools to facilitate B cell
differentiation and maturation.'>>> CXCR3"Tth cells such as
Tthl cell just provided insufficient help to memory B cells
which was consistent with limited efficacy of influenza
vaccination.”® The increase in CXCR3Tth cells after HBsAg
stimulation in vitro indicated the hepatitis B antibody response
might also be dependent on the skew of the cTth subset and the
increase in Tth cell number alone may not be sufficient to
improve the antibody response in line with similar findings
regarding Tth cell numbers in mice.””

Although there is a clear link between Tth cells and antibody
responses with T cell-dependent vaccines, particularly involving
T-B cell interactions, few studies have reported the simultaneous
role of B cell in specific antibody production.'***** Our study
reported the role of B cell and no dynamic change in B cell was
established. However, memory B cell, antibody-producing
plasma cell directly affected the production of antibodies. The

lack of evidence about memory B cell subsets limited association
between Tth cell and potential B cell subsets in our study.
Whether memory B cell, plasma cell, not total B cell, play
a part in the hepatitis B vaccine remained to be classified.
Further studies should be explored B cell subsets and interactions
of T-B cell in poor immune response in hepatitis B vaccination.

Our study has some limitations. Based on ambispective
cohort study, we could not ensure that enrolled volunteers
injected the same vaccines in the primary vaccination during
childhood or adulthood or same time interval between primary
vaccination and revaccination, which could influence on T-cell
responses. Then we only carried out a preliminary study on the
role of B cells, and the memory B cell subset, interactions
between Tth cells and B cells in the immune response to
hepatitis B vaccine remain to be explored. To obtain further
insight, we dynamically analyzed the immunological parameters
rather than focusing on a stationary time point like previous
research. In addition, considering the frequency and quantity of
blood sampling required, eligible volunteers were limited to
adults. Although adults are at highest risk of HBV, whether
there was an age-related factor affecting expression changes and
our correlations are fully applicable to infants and children with
vaccination failure needs to be further investigated.

In conclusion, our results provide the first evidence Tth cells
and CXCR3™ Tth cells subset are, at least in part, responsible
for immune responses to hepatitis B vaccination. Importantly,
our findings indicate the potential benefit of preferentially
promoting the generation of highly functional Tth cell subsets
could help improve antibody responses to hepatitis B vaccine.
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