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Abstract: Hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC) is one of the most common cancers in 
HBV-endemic regions, with irreversible progression and poor prognosis. HBV-related HCC patients lack effective an-
tiviral/antitumor B cell antibody responses. We hypothesize that dysregulation of PD-1-expressing follicular helper 
T (Tfh) cell, induced by intrahepatic/intratumoral PD-L1 expression in HCC, could contribute to the defects in B cell 
immunity. The Tfh responses in healthy control (HC) subjects, chronic hepatitis B (HepB) patients, and HBV-related 
HCC patients were examined. Compared to HC and HepB individuals, HCC patients showed reduced ICOS expres-
sion, IL-10 and IL-21 secretion, and proliferation in Tfh cells. Tfh cells from stage III patients demonstrated increased 
impairment than those from stage I and stage II patients. Compared to Tfh cells from HC and HepB subjects, those 
from stage III HCC patients were significantly less effective at inducing the differentiation of naive B cells toward 
plasmablasts. HCC is known to upregulate hepatic PD-L1 expression, which could suppress Tfh responses. Blocking 
PD-1 partially rescued the Tfh functions in stage I and stage II HCC subjects but not in stage III HCC patients, while 
treatment with recombinant PD-L1 strongly suppressed Tfh functions in all HCC stages. Moreover, the level of IL-10 
and IL-21 expression by Tfh cells was inversely correlated with the intensity of PD-L1 expression in resected tumors. 
Together, our results demonstrated an HCC-specific Tfh exhaustion, which might have resulted from elevated PD-1 
and PD-L1 signaling.
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Introduction

Hepatitis B virus (HBV)-related hepatocellular 
carcinoma (HCC) is one of the most common 
cancers, especially in HBV-endemic regions [1, 
2]. An estimated 350 million people worldwide 
are currently infected with HBV and are there-
fore at risk of developing HCC, especially in 
developing countries where antiviral treat-
ments are not available [3, 4]. In acute HBV 
infections, it is generally thought that viral 
clearance and clinical recovery are mainly 
mediated by HBV-specific CD4+ and CD8+ T cell 
inflammation [5, 6]. But in chronic HBV infec-
tion and HCC, the activities of liver- and tumor-
infiltrating T cells are restricted, often resulting 

in persistent inflammation but not virus eradi-
cation [7, 8], likely due to the presence of mul-
tiple immunosuppression mechanisms in the 
hepatic microenvironment [9]. In particular, the 
programmed death-1 (PD-1) signaling pathway 
negatively regulates antitumor immunity, result-
ing in lower proliferation, proinflammatory IFN-γ 
production and cytotoxicity by T cells [10, 11].  
In healthy individuals, the PD-1 ligand PD-L1  
is expressed on hepatocytes, hepatic stellate 
cells (HSCs), liver sinusoidal endothelial cells 
(LSECs), and the liver resident macrophage 
Kupffer cells [12-15]. In HBV-related HCC, 
PD-L1 expression can be further upregulated 
on peritumoral stroma cells and tumor cells 
[16-19].
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Vaccination of HBV-uninfected individuals can 
effectively induce B cell-secreted antibody 
(HBsAb) against the HBV surface antigen 
HBsAg, which could mediate vaccine-induced 
protection [20, 21]. Intriguingly, the protective 
HBsAb does not develop in many chronic HBV 
infections and HBV-related HCC patients. Also, 
the role of B cell responses and antibody secre-
tion in HBV-related HCC has not been exten-
sively examined. This suggested a possible 
defect in CD4+CXCR5+ follicular helper T (Tfh) 
cells, which is the main B cell-helper in mediat-
ing B cell differentiation in the germinal center 
[22-24]. Interestingly, activated germinal center 
Tfh cells are characterized by their exception-
ally high expression of PD-1 [25]. The peripher-
al blood CD4+CXCR5+ T cells also express a rel-
atively higher level of PD-1 compared with other 
CD4+ T cell subsets [26]. Like germinal center 
Tfh cells, the peripheral blood Tfh cells can 
stimulate antibody production through the 
expression of IL-10 and IL-21 [26-28]. In a 
mouse model, IL-21 could confer effective anti-
HBV immunity in exposure to HBVs to adults 
[29]. To the best of our knowledge, we do not 
yet know whether Tfh cell functions in chronic 
HBV infections and HBV-related HCC patients 
are defective due to the existence of PD-1/
PD-L1-mediated suppression.

Here, we compared and contrasted the Tfh 
responses in healthy control (HC) subjects, 
chronic HBV-infected (HepB) patients, and HBV-
related HCC patients. Our results demonstrat-
ed a previously unexplored suppression of Tfh 
cells in HCC patients, and suggested that it 
might have resulted from elevated PD-1 and 
PD-L1 signaling.

Materials and methods

Study cohort

This study enrolled 12 HC subjects, 12 HepB 
patients and 20 HBV-related HCC patients. All 
groups were age- and gender-matched. In addi-
tion, the HCC subjects were age- and gender-
matched across stage I, II and III. The study 
procedures were approved by the ethics board 
of Shanghai Jiao Tong University Affiliated Sixth 
People’s Hospital. Written informed consent 
was received from every subject prior to sam-
pling. The diagnosis of HCC was based on the 
results from standard liver biopsies or imaging 
according to the guidelines published by the 
American Association for the Study of Liver 
Diseases. Clinical stages were classified ac- 

cording to the TNM classification system by 
International Union against Cancer (6th Edition). 
No subject received anticancer therapy prior to 
surgical resection. The peritumoral tissue (at 
least 3 cm away from the tumor) was removed 
from the tumor immediately after resection  
and was processed separately. The liver biop-
sies, peritumoral tissues and tumors were me- 
chanically dissociated with the GentleMACS 
(Miltenyi) into homogenized single cell suspen-
sions and stained immediately for PD-L1 ex- 
pression. A portion of the tumor tissues were 
processed as previously published to obtain 
tumor-infiltrating lymphocytes (TILs) [19]. PB- 
MCs were isolated by the standard Ficoll cen-
trifugation protocol. All samples were stored at 
-80°C in 10% DMSO, and thawed in complete 
RPMI medium + 10% FCS and 20 µg/mL DNase 
(Sigma) before use.

Flow cytometry

Cells were stained with combinations of anti-
human CD3, CD4, CXCR5, ICOS, CD19, CD27, 
PD-1, PD-L1 and IgD monoclonal antibodies 
(BioLegend), as well as Aqua Dead Cell Stain 
(Invitrogen) for 30 min at 4°C. For live cell sort-
ing, the cells were then washed in sterile PBS + 
2% FCS twice, and were sorted in BD FACS Aria. 
Otherwise, the cells were washed and fixed in 
2% formalin and were acquired in BD FACS LSR 
II.

Tfh stimulation

A total of 106 PBMCs per mL medium were 
labeled with CFSE (Invitrogen) and cultured 
without stimulation (blank), with 15-mer HBV 
core peptide pool (10 residues overlaping, 
Mimotopes) at an overall concentration of 2 
µg/mL, or with 2 µg/mL endotoxin-reduced 
SEB (Sigma) for 72 h at 37°C and 5% CO2. At 
the end of stimulation, the PBMCs were har-
vested and split in two halves. One was directly 
stained for CFSE and/or ICOS expression on 
live CD3+CD4+CXCR5+ cells. In the other half, 
CD3+CD4+CXCR5+ cells were sorted in FACS 
Aria and counted in Trypan Blue. 105 live 
CD3+CD4+CXCR5+ cells per mL were then 
placed in the lower chamber of a transwell 
plate (Corning), while anti-human IL-10 and 
IL-21 beads (EMD Millipore) were placed at the 
upper chamber, separated by a 0.4 µm-pore 
membrane. After 12 h, the beads were harvest-
ed and examined by Luminex assay. To block 
PD-1 signaling, PD-1 blocking antibody clone 
EH12 or an irrelevant isotype control was added 
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at 10 µg/mL [30]. To stimulate PD-1 signaling 
recombinant human PD-L1 (R&D systems) was 
added at 2 µg/mL.

Tfh coculture with naive B cells

Live-sorted CD4+CXCR5+ circulating Tfh cells 
and autologous CD19+CD27-IgD+ naive B cells 
were cultured at 1-to-1 ratio, in complete RPMI 
medium + 10% FCS + varying concentrations of 
SEB, for 12 d at 37°C and 5% CO2. Ig concen-
trations in the supernatant were then examin- 
ed by Human IgM, IgG and IgA ELISA kits 
(Abcam). For Ig secretion by memory B cells, 
CD19+CD27+ memory B cells were sorted and 
cultured alone, using the same culturing condi-
tions and ELISA procedures.

Statistical analyses

The difference between multiple groups was 
analyzed with one-way or two-way ANOVA tests, 
followed by Tukey’s multiple comparison test. 
RM ANOVA, followed by Sidak’s test, was used 
for paired data. Pearson correlation coefficient 
was used for correlation analyses. Two-tailed P 
< 0.05 was considered significant. All tests 
were performed in Prism 6 (GraphPad).

Results

Circulating Tfh exhaustion in HCC patients

The expression of chemokine receptor CXCR5 
enables germinal center Tfh cells to traffic into 

B cell follicles in response to chemokine 
CXCL13 and provide B cell help [31, 32]. Blood 
CD4+CXCR5+ T cells, but not CD4+CXCR5- T 
cells, possess the ability to induce naive B cells 
to produce immunoglobulins (Ig) and undergo 
Ig class switching ex vivo, and are thus termed 
circulating Tfh cells [26, 27]. Dysregulated cir-
culating Tfh frequency and function were 
observed in primary immunodeficiencies, auto-
immune conditions, and cancer [33]. We first 
examined the frequencies of circulating Tfh 
cells in HBV-uninfected HC, HepB, and HBV-
related HCC (Figure 1A). In all three categories, 
the frequencies of circulating Tfh cells as a  
percentage of total CD4+ cells were not signifi-
cantly different, although higher variance were 
observed in the HBV-HCC group (Figure 1B).

The Tfh surface molecule expression and cyto-
kine secretion were then examined in HC, 
HepB, and HCC subjects after blank (unstimu-
lated), HBV peptide, or SEB treatment. All three 
groups had low inducible stimulator (ICOS) 
expression directly ex vivo (blank) and after 
HBV-peptide stimulation (Figure 2A). After SEB 
stimulation, Tfh from HepB subjects had signifi-
cantly lower ICOS expression than those from 
HC subjects, while Tfh from HCC subjects had 
further reduced ICOS expression than those 
from HC and HepB subjects (Figure 2B). IL-10 
and IL-21 are important for B cell activation, 
expansion and plasmaplast differentiation 
cytokines expressed by circulating Tfh cells 
during T cell-B cell collaboration [24, 26]. The 

Figure 1. Circulating Tfh cells in HC, HepB, and HCC subjects. A. Circulating Tfh cells are identified as CD4+CXCR5+ 
T cells in the representative gate. PBMCs were stained with CD3, CD4 and CXCR5 mAbs and Aqua dead cell stain 
for 30 min at 4°C. B. Frequencies of circulating Tfh cells in healthy control (HC), chronic HBV-infected (HepB), and 
HBV-related hepatocellular carcinoma (HCC) patients, stained directly ex vivo. Mean ± SD.
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level of IL-10 and IL-21 secretion by CD4+CX- 
CR5+-sorted circulating Tfh cells were then ex- 

amined directly ex vivo and after HBV-peptide 
or SEB stimulation. A subset of HC, HepB and 

Figure 2. Expression of Tfh activation and function molecules in HC, HepB, and HCC subjects. PBMCs were labeled 
with CFSE and then cultured in plain media (blank), 2 µg/mL HBV-peptide pool (HBV-peptide), or 2 µg/mL staphy-
lococcal enterotoxin B (SEB) for 72 h. At the end, flow cytometry of ICOS and CFSE was performed on half of the 
PBMCs. CD4+CXCR5+ T cells were positively selected from the other half of the PBMCs and were cultured alone with 
IL-10 and IL-21 luminex beads for an additional 12 h. A. Expression of ICOS on CD4+CXCR5+ circulating Tfh cells in 
one representative individual. B. The mean fluorescence intensity (MFI) of ICOS on circulating Tfh cells from 12 HC, 
12 HepB and 20 HCC subjects, after 72 h stimulation with the stimulants. C. Secreted IL-10 and IL-21 concentration 
by purified CD4+CXCR5+ circulating Tfh cells, measured by luminex. D. The identification of proliferating CD4+CXCR5+ 
Tfh cells as CFSE-lo cells. E. The frequencies of proliferating cells in CD4+CXCR5+ Tfh cells after 72 h incubation with 
stimulants. Mean ± SD. Two-way ANOVA followed by Tukey’s multiple comparison test where applicable. *P < 0.05. 
***P < 0.001. ****P < 0.0001.
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HCC subjects presented elevated IL-10 and 
IL-21 secretion by circulating Tfh cells after 
HBV-peptide stimulation, suggesting the exis-
tence of antigen-specific Tfh responses (Figure 
2C). The response to HBV-peptide stimulation 
in HC subjects was possibly due to previous 
vaccinations. Stimulation with SEB significantly 
increased IL-10 and IL-21 expression in all three 
groups, with a significant reduction in HCC sub-
jects compared to the HC and HepB subjects. 
The proliferation of circulating Tfh cells after 
SEB stimulation was also significantly lower in 
HCC patients, compared to that in HC and HepB 
patients (Figure 2D and 2E).

The HCC patients can be separated into stage 
I, stage II and stage III patients according to the 
TNM classification system, with progressive 
severity from stage I to stage III. We found that 
the ICOS and IL-10 expressions were compara-
ble among the three stages (Figure 3A and 3B). 
The circulating Tfh cells in stage III HCC patients 
secreted significantly less IL-21 after SEB stim-
ulation compared to those in stage I and stage 

tion than those from HCC patients (Figure 4A). 
This was not due to intrinsic defects in B cells in 
HCC and HepB patients, but rather reflected a 
defect in Tfh help, because when the antibody 
production from CD19+CD27+-sorted memory B 
cells was examined instead, no significant dif-
ferences between the HC, HepB, and stage III 
HCC groups was observed (Figure 4B).

PD-1 blockade partially rescued the Tfh ex-
haustion in stage I and II HCC patients

In many chronic virus infections, such as HIV, 
HCV and HBV, as well as in several tumors, 
CD4+ and CD8+ T cell exhaustions can be res-
cued by PD-1/PD-L1 blockade [10, 34-37]. In 
germinal center Tfh cells, PD-1 expression not 
only restricts excessive Tfh proliferation but is 
also critical for enhanced antibody responses 
[25]. Here, we found that circulating Tfh cells 
from HCC subjects expressed slightly higher 
average PD-1 level than those from HC and 
HepB subjects (Figure 5A and 5B). Stage III 
HCC patients’ Tfh cells presented higher PD-1 

Figure 3. Expression of Tfh activation and function molecules in HCC pa-
tients of different stages. The (A) ICOS MFI, (B) IL-10 and IL-21 secretion, 
and (C) proliferation of CD4+CXCR5+ Tfh cells in HCC patients are grouped 
according to the tumor stage. Mean ± SD. One-way ANOVA followed by 
Tukey’s multiple comparison test. *P < 0.05. **P < 0.01.

II patients, and had significant-
ly lower proliferation compared 
to those in stage I patients 
(Figure 3B and 3C). Together, 
these results demonstrated a 
progressive exhaustion of Tfh 
cells in HCC patients.

Defective B cell help in HCC 
patients

The reduction of IL-10 and 
IL-21 secretion could lead to 
defective B cell help by Tfh 
cells. To examine this, CD4+ 

CXCR5+-sorted circulating Tfh 
cells from HC, HepB and sta- 
ge III HCC patients were incu-
bated with autologous CD19+ 

CD27-IgD+-sorted naive B cells, 
in the presence of SEB stimu-
lation to mimic the antigen-
specific interaction between T 
cells and B cells. The IgM, IgG 
and IgA production in the 
supernatant by day 12 were 
examined by ELISA. We found 
that Tfh cells from HC and 
HepB patients were signifi-
cantly more efficient at stimu-
lating IgM, IgG and IgA secre-
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level than stage I patients’ (Figure 5C). Blocking 
PD-1 increased the frequencies of proliferating 
Tfh cells in stage II and stage III HCC patients 
(Figure 5D). Also blocking PD-1 elevated the 
IL-10 and IL-21 expression by circulating Tfh 
cells in all stage I HCC patients and 7 out of 8 
stage II patients (Figure 5E). While in stage III 
HCC patients, blocking PD-1 increased IL-10 in 
4 out of 7 patients and IL-21 in 3 out of 7 
patients. The level of proliferation and cytokine 
production in HCC patients after PD-1 blockade 
was still lower than that in HC subjects (Figure 
5D and 5E). In the Tfh cell-naive B cell cocul-
ture experiment, PD-1 blockade elevated the 
IgM secretion in 4 out of 5 stage I, 5 out of 8 
stage II, and 2 out of 7 stage III patients. PD-1 
blockade increased the IgG secretion in 4 out 

ther upregulated in chronically inflamed livers, 
peritumoral Kupffer cells, and cancer cells [16-
19]. Here, we examined whether PD-L1 expres-
sion in hepatocellular carcinoma contributed  
to the Tfh exhaustion. We first observed that 
PD-L1 expression was significantly higher in the 
peritumor cells in stage III HCC patients, than 
that in the liver biopsies of HepB patients 
(Figure 7A). Moreover, HCC stage III tumors 
expressed significantly higher levels of PD-L1, 
than stage I and stage II tumors (Figure 7B). We 
also found that the Tfh responsiveness to SEB 
stimulation, in terms of IL-10 and IL-21 produc-
tion and proliferation, was inversely correlated 
with the level of PD-L1 expression in resected 
tumors (Figure 7C). Together, these data sug-
gested that the circulating Tfh exhaustion in 

Figure 4. B cell help by circulating Tfh cells in HC, HepB and HCC patients. A. 
CD4+CXCR5+ Tfh cells sorted from PBMCs were cocultured with autologous 
CD19+CD27-IgD+ naive B cells for 12 d in varying concentrations of SEB (0-2 
µg/mL). Ig concentrations in the supernatant were measured by ELISA. Ex-
periment was performed on 7 HC and HepB subjects, as well as 7 stage III 
HCC patients. B. CD19+CD27+ memory B cells were cultured alone in vary-
ing concentrations of SEB for 12 d. Ig concentrations were measured in the 
supernatant by ELISA. Mean ± SD. Differences between HC, HepB and HCC 
samples at each SEB concentration were tested computed by one-way ANO-
VA. *P < 0.05. **P < 0.01. ***P < 0.001. ****P < 0.0001.

of 5 stage I, 7 out of 8 stage 
II, and 6 out of 7 stage III 
patients. And PD-1 blockade 
elevated the IgA secretion in 
all stage I, 7 out of 8 stage II, 
and 5 out of 7 stage III 
patients (Figure 5F). Overall, 
these data demonstrated 
that PD-1 blockade could par-
tially rescue, but not fully 
restore, the Tfh exhaustion in 
a subset of stage I and stage 
II HBV-HCC patients, and to a 
lesser extent in stage III HBV-
HCC patients.

We also treated circulating 
Tfh cells with the PD-1 ligand 
PD-L1, and found that the 
proliferation and IL-10 and 
IL-21 production was signifi-
cantly downregulated in near-
ly all HCC patients of all stag-
es (Figure 6A and 6B), thus 
demonstrating that the PD-1/
PD-L1 pathway could potently 
downregulate Tfh functions.

Circulating Tfh exhaustion 
is associated with PD-L1 ex-
pression in HCC tumor

The liver in healthy subjects 
is generally considered im- 
munosuppressive. The PD-1 
ligand PD-L1 is expressed in 
healthy adults’ intrahepatic 
environment and can be fur-
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HCC patients was associated with PD-L1 
expression in HCC. The frequency of CXCR5+ 
cells in liver- or tumor-infiltrating CD4+ T cells in 

HepB livers and HCC tumors was highly vari-
able from patient to patient (Figure 7D), and 
was generally reduced compared to that in the 

Figure 5. PD-1 blockade partially increased circulating Tfh function in HCC patients. A. Expression of PD-1 on 
CD4+CXCR5+ cells compared to CD4+CXCR5- cells, in one representative individual. B. PD-1 MFI on CD4+CXCR5+ 
circulating Tfh cells in HC, HepB, and HCC patients. The PD-1 expression on CD4+CXCR5- cells from HC is also 
shown for comparison. C. Expression of PD-1 by circulating Tfh cells in different stages of HCC patients. Mean± 
SD. One-way ANOVA and Tukey’s multiple comparison test. *P < 0.05. D and E. PBMCs from HC or HCC patients 
were labeled with CFSE and then cultured with 2 µg/mL staphylococcal enterotoxin B (SEB) for 72 h, with anti-PD-1 
blocking antibody or isotype control. At the end, CFSE was measured on half of the PBMCs, while the CD4+CXCR5+ 
T cells were positively selected from the other half and were cultured alone with IL-10 and IL-21 luminex beads for 
an additional 12 h. D. The frequencies of proliferating Tfh cells, with isotype control or with PD-1 blockade. E. The 
IL-10 and IL-21 production by purified Tfh cells, with isotype control or with PD-1 blockade. RM two-way ANOVA and 
Sidak’s test. Asterisk (*) indicates the P value between the isotype and the anti-PD-1 treatments of the same sam-
ple, connected by a solid line. Pound sign (#) indicates the P value between that set of data with the corresponding 
set from the HC group. One symbol: P < 0.05. Two symbols: P < 0.01. Three symbols: P < 0.001. Four symbols: P < 
0.0001. F. CD4+CXCR5+ circulating Tfh cells from different staged of HCC patients were cocultured with autologous 
CD19+CD27-IgD+ naive B cells for 12 d with 2 µg/mL SEB, with isotype control or with PD-1 blockade. Ig secretion in 
the supernatant was measured by ELISA. RM two-way ANOVA and Sidak’s test. *P < 0.05.
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peripheral blood (Figure 1B). The total numbers 
of CD4+CXCR5+ T cells isolated from HepB liver 
or HCC tumor were also low (Figure 7E). No  
correlation between the frequencies of liver-/
tumor-infiltrating CD4+CXCR5+ T cells and the 
intrahepatic/intratumoral PD-L1 expression 
was found (data not shown).

Discussion

In this study, we examined a previously unex-
plored Tfh exhaustion mechanism in patients 
with HBV-related HCC. Despite a presence of 
circulating Tfh cells at near-normal levels, we 
observed a series of functional alterations in 
Tfh cells from HCC patients that suggested the 
presence of exhaustion. Compared to the circu-
lating Tfh cells from HC and HepB subjects, 
those from HCC patients presented significant-
ly lower ICOS expression, reduced proliferation, 
and decreased IL-10 and IL-21 production. This 
exhaustion was associated with HCC severity, 
since circulating Tfh cells from patients of more 
advanced stages tended to demonstrate fur-
ther reduced functions. Furthermore, the Tfh 
cells from stage III HCC patients presented 
reduced potency in helping naive B cells to 
secrete IgM, IgG and IgA antibodies. Because 
HCC is known to upregulate hepatic PD-L1 
expression, we suspected that the PD-1/PD-L1-
mediated signaling contributed to Tfh suppres-
sion. To demonstrate this, we first showed that 
the circulating Tfh cells from HCC patients had, 
on average, elevated PD-1 expression than 

those from HC and HepB patients. Circulating 
Tfh from stage III HCC subjects presented ele-
vated PD-1 expression level than those from 
stage I. Blocking PD-1 could increase, but not 
fully restore, the proliferation and cytokine pro-
duction by circulating Tfh cells in most stage I 
and stage II HCC subjects. Blocking PD-1 in 
stage III HCC patients tended to be less effec-
tive. Addition of PD-L1, on the other hand, had 
significantly suppressed the proliferation and 
cytokine expression by Tfh cells. To demon-
strate the connection between Tfh exhaustion 
and HCC, we showed that the level of IL-10  
and IL-21 secretion after SEB stimulation was 
inversely correlated with the level of PD-L1 
expression in resected tumors. Together, our 
results demonstrated an HCC-specific sup- 
pression of Tfh cells, and suggested that it 
might have resulted from the interactions 
between intrahepatic/intratumoral PD-L1 and 
CD4+CXCR5+ Tfh-expressed PD-1.

These results also raised many new questions 
that require further examination. First, although 
we showed an association between more 
advanced stage III HCC with exacerbated Tfh 
exhaustion, we do not yet know how exactly 
these two factors are correlated. It is possible 
that stronger Tfh exhaustion is a simple corol-
lary of more PD-L1 expression in stage III HCC 
patients, who usually have larger tumors than 
stage I and stage II patients and thus contained 
more PD-L1-high tumor cells. On the other 
hand, defects in Tfh responses could contrib-

Figure 6. Increased suppression of Tfh function in HCC patients by PD-L1. PBMCs from HCC patients were labeled 
with CFSE and cultured with plain media (blank) or recombinant PD-L1, together with 2 µg/mL staphylococcal 
enterotoxin B (SEB) for 72 h. A. The proliferation of CD4+CXCR5+ T cells by the end of the 72 h incubation. B. The 
CD4+CXCR5+ T cells were sorted and counted with Trypan Blue. 105 live cells per mL were cultured without PD-L1 
for an additional 12 h, in the presence of IL-10 and IL-21 capture beads. The IL-10 and IL-21 secretion during this 
time was measured by luminex assay. RM two-way ANOVA and Sidak’s test. *P < 0.05. **P < 0.01. ***P < 0.001.
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ute to increased HCC progression, as suggest-
ed by the previous discoveries that IL-21 could 
mediate anti-HBV protection, and that lower Tfh 
frequency was associated with worse progno-
sis [29, 38].

It has been observed that antibodies specific to 
HBV antigens could be detected in HBV-related 
HCC patients [39], and that B cell infiltration 
could be detected in some HCC tumors [40, 
41]. But unlike in breast cancers and ovarian 
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cancers, where B cells was shown 
to promote favorable prognosis in 
breast and ovarian cancers [43, 
44], in HBV-related HCC, evidence 
for the existence of an effective B 
cell-mediated antitumor immunity 
is lacking. This is somewhat un- 
usual since antibodies could offer 
anti-HBV protection against new 
infections [20, 21]. Also, B cells 
could act as effective antigen-pre-
senting cells and organize tertiary 
lymphoid structures for sustain- 
ed T cell immunity in tumor [42]. 
Based on the results from this 
study, it is possible that Tfh ex- 
haustion resulted in the lack of B 
cell and antibody responses in 
HCC. Whether rescuing Tfh func-
tions can enable better B cell 
responses and improve the anti-
tumor immunity in HCC is still 
unknown. Also, the trafficking of 
circulating Tfh examined in our 
study is unknown, such that the 
correlation between PD-L1 ex- 
pression in tumor and Tfh sup-
pression might be a coincidence 
rather than a causal relationship. 
All these questions would require 
further animal experiments and 
clinical trials for elucidation.
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