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Systematic characterization of the tumor microenvironment
in Chinese patients with hepatocellular carcinoma highlights
intratumoral B cells as a potential immunotherapy target
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Abstract. Hepatocellular carcinoma (HCC) is an immu-
nogenic malignancy, which exhibits low responsiveness
to programmed cell death protein-1 (PD-1)/programmed
death ligand-1 (PD-L1) antibodies. Therefore, the identifica-
tion of novel immunotherapeutic targets to treat HCC is
imperative. Systematic characterization of the HCC tumor
microenvironment (TME) can provide novel insight into
additional therapeutic approaches. In the present study,
the RNA-sequencing (RNA-seq) data of 360 patients with
HCC were integrated from The Cancer Genome Atlas to
assess the expression of membrane spanning 4-domains Al
(MS4A1I; encoding CD20) in tumors and normal liver tissues.
Immunofluorescence and multiplex tissue fluorescence analyses
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were performed and combined with flow cytometry staining to
measure CD20/CD19 expression at the protein level. In addi-
tion, published single cell RNA-seq data of CD45* cells were
derived from 16 treatment-naive patients from Beijing Shijitan
Hospital with HCC to illustrate the characteristics of CD19*
B cells. The results indicated that the HCC TME included
nuclear receptor subfamily 4 group A member 2* (NR4A2)
B cells. Patients with HCC and high density of intratumoral
B cells demonstrated compromised antitumor immunity mani-
fested by low percentages of cytotoxic CD8" T cells and high
density of regulatory T cells. Furthermore, PD-L1 expression
was significantly correlated with the B cell signature marker
CD20. The present study indicated that tumor-infiltrating
B cells may play a negative role in antitumor immunity and
serve as a promising target for HCC immunotherapy, alone or
in combination with anti-PD-L1/PD-1 antibodies.

Introduction

Liver cancer is the fifth most common cancer type and the
second most common cause of cancer-related mortality world-
wide (1). Hepatocellular carcinoma (HCC) accounts for ~90%
of primary liver cancers, and its incidence has been constantly
increasing (2). In China, HCC has a higher incidence and may
account for 50% of new cases globally each year (3). The
majority of HCC cases in China and southeastern Asia are
caused by hepatitis B virus (HBV) infection, while non-alco-
holic-associated steatosis may be one of the main causes of
the development of HCC in Western countries (4). In the early
stages, liver transplantation or hepatic resection is the standard
treatment approach, with a high probability of recurrence-free
postoperative course, while in advanced or metastatic stages,
sorafenib (a broad tyrosine kinase inhibitor) is typically
used (5). HCC is an immunogenic tumor that occurs in chroni-
cally inflamed livers (6). Therapeutic antibodies blocking the
programmed cell death protein-1 (PD-1)/programmed death
ligand-1 (PD-L1) interaction were approved by the Food
and Drug Administration to treat advanced HCC in patients
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previously treated with sorafenib as a second line treatment (7).
However, the observed objective response rate was not impres-
sive (~20%) in response to PD-1/PD-L1 antibody treatment (8).
Therefore, the identification of novel immunotherapeutic
targets in advanced HCC is imperative.

The tumor microenvironment (TME) is widely used
as a biomarker for the identification of novel therapeutic
targets. The HCC TME consists of cancer and stromal cells,
including hepatic stellate cells, cancer-associated fibroblasts,
immune cells and endothelial cells, which interact with the
tumor and affect its growth (9). The role of tumor-infiltrating
B cells (B-TILs) remains controversial. Shalapour et al (10)
indicated that immunoglobulin (Ig) A-expressing B cells
could elicit depletion of liver cytotoxic CD8* T cells (CTLs)
and that IgA* cell depletion could enhance the regression of
established non-alcoholic-associated steatosis-induced HCC.
Furthermore, it was also shown that a high number of T cell Ig
and mucin domain-1* regulatory B (Breg) cells could infiltrate
into the tumors of patients with HCC (11,12). These infiltrating
Breg cells were found to express IL-10 and demonstrate high
suppressive activity against T cells. Mechanistically, the
CD40/CD154 signaling pathway was found to be involved in
HCC progression via the activation of Breg cells (13,14). By
contrast, Zhang et al (15) demonstrated that B cell infiltra-
tion into tumors was significantly impaired during tumor
progression, whereas high density of B-TILs correlated with
improved clinical outcome. Moreover, the expression levels of
CD19 and CD38 were positively correlated with HCC patient
survival (16). Recent studies have shown that B cells are a
vital fraction in the formation of tertiary lymphoid structures
(TLSs). The presence of TLSs in patients is associated with an
improved clinical response to the immune checkpoint blockade
in melanoma, sarcoma and renal cell carcinoma tumors (17-19).
However, to the best of our knowledge, the clinical significance
and functions of B-TILs in Chinese patients with HCC have not
been previously reported. The investigation of these topics is of
high importance for HCC immunotherapy.

In the present study, clinical specimens were collected from
patients with HCC in Beijing. The clinical data and the func-
tion of B-TILs were assessed. Following immunofluorescence
(IF) staining, it was found that HCC tumors were highly
enriched with CD19/CD20* B cells, which was associated with
compromised cytotoxic function of T and natural killer (NK)
cells. In addition, PD-L1 expression correlated significantly
with CD20 expression. Collectively, these findings indicate that
B-TILs may be a promising candidate for HCC immunotherapy,
alone or in combination with anti-PD-L1/PD-1 antibodies.

Materials and methods

Patients and specimens. Fresh tumor tissues, para-tumor
tissues, normal liver and matched blood samples were
collected from patients with HCC undergoing surgical treat-
ment at the China-Japan Friendship Hospital (Beijing, China).
From May 2018 to July 2020, 50 patients were enrolled in this
study. The ratio of male to female patients was 42:8. The mean
age was 60.8 years, with an age range from 36 to 84 years. All
patient data were anonymized prior to study inclusion.

All procedures followed were in accordance with the
ethical standards of the responsible committee on human

experimentation (The Institutional Review Board at Tsinghua
University (Beijing, China) and with the Helsinki Declaration
of 1975, as revised in 2000 (5). All studies were approved
by the Medical Ethics Committee at Tsinghua University
(approval no. 20180017). Informed consent was obtained from
all the subjects in this study.

Isolation of peripheral blood mononuclear cells (PBMCs)
and tumor-infiltrating lymphocytes (TILs). Blood samples
from patients with HCC were incubated in heparinized tubes
and centrifuged on Ficoll-Hypaque gradients (Cytiva). Fresh
normal liver, para-tumor and tumor samples from patients
with HCC were digested in RPMI-1640 medium (Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 0.5 mg/ml
Collagenase Type IV (Gibco; Thermo Fisher Scientific, Inc.),
10% FBS (Gibco; Thermo Fisher Scientific, Inc.) plus 10 U/ml
DNase I for 30 min at 37°C prior to Ficoll-Hypaque (Cytiva)
gradient centrifugation.

Flow cytometry. The following antibodies were used:
Anti-CD45 (cat. no. HI30; eBioscience™), anti-CD19
(cat. no. HIB19, eBioscience™), anti-CD3 (cat. no. OKT3
OKT3), anti-CD56 (cat. no. HCD56; BioLegend), anti-CD8§
(cat. no. SK1; BD Biosciences), anti-interferon y (IFN-vy;
cat. no. B27; BioLegend), anti-tumor necrosis factor-a
(TNF-a; cat. no. MADbI11; Invitrogen™; Thermo Fisher
Scientific, Inc.), anti-Ki67 (cat. no. B56; BD Biosciences),
anti-ranzyme B (cat. no. GRBO05; Thermo Fisher Scientific,
Inc.) and anti-perforin (cat. no. dG9; Thermo Fisher Scientific,
Inc.). The cells were stimulated with phorbol 12-myristate
13-acetate (50 ng/ml; Sigma-Aldrich; Merck KGaA) and
ionomycin (500 ng/ml; Sigma-Aldrich; Merck KGaA) for 1 h
and subsequently Brefeldin A (Golgi-plug; BD Biosciences)
was added for an additional 4 h. Single cell suspensions were
stained with antibodies against surface molecules at 4°C
for 20 min. Intracellular cytokine staining was performed
following fixation of the cells and their permeabilization
with eBioscience Fixation/Permeabilization buffer. Finally,
the cells were stained with antibodies at 4°C for 40 min. The
cells were analyzed on a LSR Fortessa (BD Biosciences) flow
cytometer and the data were analyzed using FlowJo.X 10.8
software (FlowJo, LLC). The non-viable cells were excluded
based on viability dye staining (Fixable viability dye eF506;
eBioscience; Thermo Fisher Scientific, Inc.).

Histological and immunohistochemical analyses. All
samples were fixed with 4% neutral formaldehyde, dehy-
drated conventionally and embedded in paraffin. The slides
were cut at a thickness of 4 ym, stained with hemoxylin
and eosin (H&E) and observed under light microscopy.
Immunohistochemical staining was performed using the
streptavidin-peroxidase method. The primary antibodies
[anti-a-fetoprotein (AFP), anti-Ki67 and anti-CD34] and
other kits were purchased from Beijing Zhongshan Jingiao
Biotechnology Co., Ltd.; OriGene Technologies, Inc. All
operating procedures were carried out in strict accordance
with the instructions provided by the manufacturer. PBS
buffer was used instead of the primary antibody as negative
control and the known positive specimens were used as posi-
tive control.
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IF and multiplex tissue fluorescence. All samples were
fixed in formalin solution and embedded in paraffin. The IF
activity was performed according to the method described
previously (20). Each slide was incubated with the primary
antibodies against CD45 (cat. no. abl0559; Abcam), CD20
(cat. no. ab9475; Abcam), CD138 (cat. no. ab34164; Abcam) or
PD-L1 (cat. no. ab58810, Abcam) at 4°C overnight. AffiniPure
F(ab')2 Fragment donkey anti-rabbit/mouse/goat Ig was
selected as the secondary antibody. The slides were incu-
bated with mounting medium containing DAPI for 20 min.
The images were obtained using a fluorescence microscope
(Carl Zeiss AG). The quantification analysis was performed
using ImageJ 1.51p (National Institutes of Health) software.
Multiplex tissue fluorescence staining was performed following
blocking with the blocking buffer for 15 min and each slide
was incubated with the primary antibodies against CD20
(cat. no. ab9475; Abcam), CD56 (cat. no. ab200698; Abcam),
CD4 (cat. no. ab133616, Abcam), CD8 (cat. no. ab199016;
Abcam) and forkhead box P3 (FOXP3; cat. no. ab20034;
Abcam) at 4°C overnight. Anti-mouse/rabbit HRP was used as
the secondary antibody. The images were acquired by Vectra
Polaris 1.0.7 and analyzed by inform 2.4.1 (Perkin Elmer, Inc.).

Single cell sequencing data analysis. 10x Genomics data were
downloaded from the Gene Expression Omnibus (GSE) dataset
GSE140228 (21). The immune cells in tumors and PBMCs were
separated for further analysis. Seurat (21) was used to perform
clustering analysis of single-cell data from different tissues.
The cells that exhibited unique feature counts over 6,000 or
<200 were filtered. The cells that exhibited <10% mitochon-
drial genes, and genes expressed in >3 cells were selected
for further analysis. The datasets from different tissues were
integrated together using the FindIntegrationAnchors and
IntegrateData function.

Non-linear dimensional reduction (UMAP) (22) was
selected for clustering analysis. B cells were selected for this
analysis. FindMarkers function was performed to identify
differentially expressed markers across tissues. FeaturePlot
function was used to visualize the gene expression changes
with the split by option.

Statistical analysis. Statistical comparisons were performed
using unpaired Student's t-test for two-group analysis or
ordinary One-way ANOVA followed by Dunnett's multiple
comparison test for three-group analysis. Simple linear
regression was used to calculate the correlations. P<0.05 was
considered to indicate a statistically significant difference.

Results

HCC tumors are enriched by CD20* B cells and
CD45*CDI138" plasma cells. To explore the roles of B cells
derived from HCC TME in tumor progression, the expres-
sion levels of membrane spanning 4-domains Al (MS4AI,
encoding CD20) were initially investigated using the online
database The Cancer Genome Atlas. The data indicated that
MS4A1 expression in tumor tissues was decreased compared
with that in normal control tissues (left panel, Fig. 1A). This
result was further confirmed by investigation of the HCC
tumor samples collected from the China-Japan Friendship
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Hospital (right panel, Fig. 1A), n=14 for normal tissue, n=34 for
paratumor and n=31 for tumor. The tumors were stained with
H&E for histological evaluation. Abnormalities in histopatho-
logical morphology were observed in all the cases examined
(Fig. 1B). In total, 37.8% (17 of 45 cases) of the tumors were
positive for AFP and 100% (41/41) for CD34. A high Ki67
index (>15%) was detected in 77.3% (34/44) of the cases. To
note, some of the patients (N=50) were not tested for AFP,
CD34 or Ki67. The clinical and pathological characteristics of
the treatment-naive HCC patients are summarized in Table 1.

Subsequently, IF was performed to assess CD20 protein
levels in HCC tumor and control tissues. The expression
levels of the CD20 protein were detected in normal (n=17),
para-tumor (n=46) and tumor (n=50) tissues (Fig. 2A and B).
Non-significant differences were observed with regards to
CD20 expression between normal and para-tumor tissues.
However, in tumor tissues, the percentage of CD20* B cells
was significantly elevated compared with that noted in the
para-tumor tissues. The difference between normal controls
and tumors was not statistically significant, which may be due
to the smaller size of the normal control group (Fig. 2B). The
low protein levels of CD20 in normal tissues were contradictory
to the high mRNA levels noted in the same tissues, which
suggested that translation of CD20 protein in these tissues may
be restrictively regulated at the posttranscriptional or trans-
lation levels. Notably, no correlation was found between the
density of CD20* B cells and the Ki67 score (data not shown).

In addition, the number of plasma cells in the HCC TME
was measured (Fig. 2C). A significantly higher number of
plasma cells (CD45*CD138* cells) were noted in the tumors
than those found in the para-tumors or normal control samples.
The majority of the patients did not exhibit plasma cells in
either normal or para-tumor tissues, whereas these cells were
present in the HCC tumors (Fig. 2C and D). Taken together, the
data indicated that HCC tumors were infiltrated by CD20* B
and CD45*CD138* plasma cells.

Higher density of B-TILs is associated with compromised
cytotoxic function of both T and NK cells. In order to assess
the clinical relevance of B-TILs, infiltrating lymphocytes were
isolated from normal, para-tumor and tumor tissues and the
percentage of B cells (CD3°CD19%) was analyzed via flow
cytometry. The percentages of B cells were similar in the
normal and para-tumor tissues and ranged from 0 to 10% of
the total number of CD45* lymphocytes (Fig. 3A and B). In
tumor tissues, nearly 50% of the patients indicated an increase
in the percentage of CD19* B cells (1.6-38.8% of total CD45*
lymphocytes), which was in line with the results derived from
IF staining.

The patients were divided into two groups based on the B
cell percentages of the total CD45* lymphocytes (the cut-off
value was 1.5%), with 17 patients in the B cell"®" group and
19 patients in the B cell group. The expression levels of the
functional markers were analyzed in NK and T cells between
the two groups. Although the frequency of CD3* TILs was
significantly increased in the B cell™&" group, no significant
difference was noted with regard to the percentage of NK
cells (Fig. 3C). Subsequently, the functional capacities of these
TILs were evaluated. Notably, the CD8* TILs in the B cell™e"
group indicated reduced cytotoxic activity compared with
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Figure 1. HCC tumors exhibit decreased levels of MS4A1 compared with those noted in the para-tumor samples. (A) (Left panel) Expression of MS4A1 in
human HCC tumors (red) and normal control samples (gray) from the TCGA datasets. (Right panel) RT-qPCR analysis of MS4A1 expression in normal (n=14),
para-tumor (n=33) and tumor (n=31) tissues from treatment-naive patients with HCC. The data are presented as mean + SEM. (B) Histological and immuno-
chemical staining indicating abnormalities in histological morphology and in the expression levels of AFP, CD34 and Ki67 in the tumors. ““P<0.001; ns, not
significant. HCC, hepatocellular carcinoma; MS4A 1, membrane spanning 4-domains Al; TCGA, The Cancer Genome Atlas; RT-qPCR, reverse-transcription

quantitative PCR; SEM, standard error of the mean; AFP, a-fetoprotein;

those in the B cell® group, based on the decreased expres-
sion levels of granzyme B, perforin and IFN-y (Fig. 3D) in
the B cell&" group. However, the cytotoxic activity of CD4*
TILs was not significantly different between these two groups
(data not shown). Moreover, non-significant differences were
noted with regard to the tumor stage between the two groups
(data not shown).

The concept of innate immunity is increasingly accepted
in tumor immunology. NK cells act as innate effector
lymphocytes that respond to tumor cells. The percentages
of NK-TILs exhibited no significant differences between
the B cell® and B cell™&" groups (Fig. 3E). In addition,
the expression levels of perforin and granzyme B were
not different between the two groups examined (Fig. 3E),
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Table I. Clinicopathological features of the patients with HCC in this study.

Histochemistry
Patient no. Sex Age (years)  HBV Positivity =~ BCLC stage  B-TIL density =~ AFP Ki67 CD34
1 Male 42 + B Low + 40% +
2 Male 65 - A High - 10%+ +
3 Male 47 + A Low NA NA +
4 Female 73 - A NA - 30% +
5 Male 73 + A Low + 60% +
6 Male 64 - A High NA NA +
7 Male 36 + C Low + 50%+ +
8 Male 62 - A High - 30%+ NA
9 Female 59 + A High + NA +
10 Male 58 + C High - 50%+ +
11 Male 55 + B Low + 20%+ +
12 Male 45 + C High - 70%+ +
13 Male 51 + B High - 60%+ +
14 Male 58 + B Low + 90%+ +
15 Male 58 + A Low - 40%+ +
16 Male 58 + C High - 25%+ +
17 Male 65 + C High - 80%+ +
18 Male 64 + A Low - 60%+ +
19 Male 84 + A Low - 10% +
20 Male 72 + A Low - 20%+ +
21 Male 81 - C Low - 5%+ +
22 Male 77 - B High + 60%+ +
23 Male 77 + B High - 50%+ +
24 Female 60 + A Low - 2%+ +
25 Male 60 + B High - 5%+ +
26 Male 68 + A High - 30%+ NA
27 Male 60 + C Low - 30%+ +
28 Female 76 + B Low NA NA +
29 Male 74 + A Low + 30%+ +
30 Male 54 + A High + 30%+ +
31 Male 61 + A High - 30-40% + +
32 Male 40 + A High - 20%+ +
33 Male 66 + B Low + 50%+ +
34 Male 63 + B High - 20%+ NA
35 Male 46 + A High - 20%+ +
36 Male 49 + B Low + 70%+ +
37 Female 63 + B Low + 40%+ NA
38 Male 63 + A Low NA NA NA
39 Male 63 + A NA - 15%+ +
40 Male 57 + A High NA NA NA
41 Female 58 + B NA + 60%+ +
42 Male 48 + B NA - 5%+ +
43 Male 72 - A NA + 60%+ +
44 Male 60 + B NA + 60%+ +
45 Female 66 + B NA + 10%+ +
46 Male 51 + B NA + 60%+ NA
47 Male 76 + A NA - 15%+ NA
48 Female 45 - B NA - 5%+ NA
49 Male 47 + A NA + 30%+ +
50 Male 70 + B NA - 35%+ +

HCC, hepatocellular carcinoma; HBYV, hepatitis B virus; BCLC, Barcelona clinic liver cancer; B-TILs, tumor-infiltrating B cells; AFP,
a-fetoprotein; NA, non-available.
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Figure 2. HCC tumors are enriched with CD20* B cells and CD45*CD138* plasma cells. (A) IF staining of CD20 and CD3 together with DAPI in paired
tumors, para-tumor and normal control samples. (B) Quantification of CD20* B cell density (number of cells/mm?) in normal (n=17), para-tumor (n=46) and
tumor (n=50) tissues by IF staining. (C) IF staining of CD138 (red) and CD45 (green) combined with DAPI in paired tumors, para-tumors and normal control
samples. (D) Quantification of CD138*CD45* cell density (number of cells/mm?) in paired tumors (n=42), para-tumors (n=42) and normal control samples
(n=42) by IF staining. “P<0.05, “P<0.01; ns, not significant. HCC, hepatocellular carcinoma; IF, immunofluorescence.

indicating that B cells did not affect NK cell function via
the perforin/granzyme B pathway. However, the B cell"e"
group indicated a significant decrease in the frequency of
IFN-y* NK* cells, compared with that of the B cell group
(Fig. 3E). These results indicated that high accumulation of
B cells in the TME was associated with reduced NK func-
tion in the TME.

Intratumoral B cells are positively associated with infiltration
of regulatory T cells (Treg) cells. To further investigate the
profile of immune cells in HCC tumors, multi-IF staining

was used to assess the colocalization of major lymphocyte
subtypes identified by CD20, CD8, CD57, CD4 and FOXP3 in
the tumor tissues from 38 patients with HCC. CD20* B cells
were co-localized with both CD4* and CD8* T cells, while
in some cases CD20* B cells were in contact with CD8*
T cells (Fig. 4A). It was also shown that CD20* B cells were
surrounded by CD8" T cells mostly in the stroma area. This
was noted for 11 cases, which indicated the formation of
TLS. It is interesting to note that FOXP3* Treg and CD20*
B cells were closely colocalized within the TLS. In contrast
to these observations, CD57* NK cells were not colocalized
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Figure 3. Increased intratumoral B cells are associated with compromised cytotoxic function of T and NK cells. (A) Representative FACS plots indicating

CD3°CD19* B cell percentages in paired normal, para-tumor and tumor tissues.

(B) Percentages of CD19* B cells across normal control, tumor and para-tumor

samples. (C) Comparison of frequencies of lymphocyte subsets (CD3* TILs and CD56* TILs) between B cell"" (% CD19* >1.5; n=19) and B cell®* tumors
(% CD19* <1.5; n=19). (D) Reduced granzyme expression and reduced percentages of B* CD8* TILs in the B cell"" group (n=19) compared with those of the
B group (n=19). (E) Comparison of percentages of perforin*CD56* NK-TILs and IFN-y*CD56*NK-TILs in the B cell"" (n=19) and B cell® (n=19) groups.
“P<0.05, “'P<0.01. NK, natural killer; FACS, fluorescence activated cell sorting; TILs, tumor-infiltrating lymphocytes; IFN-y, interferon .

with CD20* B cells (Fig. 4A). Additional quantification of the
multi-IF staining data indicated that the number of CD20*
B cells was positively correlated with FOXP3* Treg cells
(Fig. 4B). In addition, the tumor tissues were divided into
tumor bed and stroma areas. Statistical analysis indicated
that the number of CD20* B cells was positively correlated
with that of FOXP3* Treg cells in the tumor bed but not the
stroma area (Fig. 4C and D), which indicated that B-TILs may
contribute to the infiltration of Treg cells, which in turn leads
to tumor immune escape.

High levels of nuclear receptor subfamily 4 group A member
2 (NR4A2) are expressed in B-TILs. To illustrate the charac-
teristics of B cells in HCC, the present study used published
single cell RNA-sequencing (RNA-seq) data of CD45* cells
from 16 treatment-naive patients with HCC (23). The single
cell RNA-seq data of B cells from tumors and PBMCs were
combined. UM AP was performed to identify three major clus-
ters (CO, C1 and C2; Fig. 5A). The PBMCs contained 23% CO,
28% C1 and 49% C2, while the HCC tumors contained 80%
CO0, 15% C1 and 6% C2 (Fig. 5A). The CO expressed markers
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analysis between the density of CD20* B cells and the density of CD4*FOXP3* cells, in whole tumors (B), tumor bed (C) and stroma (D), n=38. Treg, T regulatory

cells; FOXP3, forkhead box P3.

of memory B cells, such as CCL4, RGS2, AREG, ZFP36,
CCLS5, CD82 and CDIC, whereas the C1 expressed markers
of plasmablasts, including IGHGI, IGHG3, CD27, IGHGH4,
IGHAI, NEATI, SSPN, S100A10 and CPNES, and the C2 was
mainly indicative of naive B cells (TCLIA, IGHDI, CD72,
APLP2, CD200, GCA, CD79A, CD79B and CD74; Fig. 5B).
The expression levels of 17 genes (FOS, RGS2, RGSI, CDS3,
CD69, JUNB, NR4A2, GPRIS83, HERPUDI, FOSB, YPELS,
SRGN, ANF331, IGHGI, ZFP36, SLC2A3 and DUSPI) were
significantly increased in intratumoral B cells (fold change
cut-off value >2) compared with those noted in peripheral
B cells. Higher expression of FOS, FOSB and JUNB, which
belong to the activator protein 1 (AP-1) pathway, were noted
in HCC B-TILs than those noted in the peripheral B cells
(Fig. 5C). In addition, NR4A2 expression was also enhanced
in B-TILs (Fig. 5C). NR4A2 is a member of an orphan nuclear
hormone receptor family involved in induction of apoptosis
and carcinogenesis (24). It is preferentially recruited to
the binding sites of the transcription factor AP-1, where it
represses effector-gene expression by inhibiting AP-1 function
in T cells (25,26). Whether NR4A?2 can impair B cell function

by binding to AP-1 in NR4A2* B cells requires further
investigation.

PD-LI expression significantly correlates with CD20* B cell
density. The correlation between PD-L1 and CD20 was exam-
ined in order to determine the rationale of combined therapy.
The HCC tumor slides were analyzed via IF staining (Fig. 6A)
and the data indicated that patients with high PD-L1 expres-
sion exhibited high density of B cells as measured by CD20
expression (Fig. 6B). Subsequently, the HCC tumor samples
were divided into two groups, namely CD20"e" PD-L1 "&" and
CD20"" PD-L1"™" (the thresholds of CD20 and PD-L1 were
6 and 20 cells/mm?, respectively). The data indicated that
the group with the CD20 Meh PD-L1"e" samples exhibited a
significant decrease in the percentage of granzyme B* CD8*
TILs compared with the CD20™" PD-L1"" group (Fig. 6C).
Moreover, the CD20"¢" PD-L1"¢" group exhibited reduced
percentages of both perforin* and granzyme B* CD4* TILs
(Fig. 6D). These data indicated that the combined presence of
CD20 and PD-L1 could be used as an indicator of compromised
antitumor effects in the context of HCC.
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Figure 5. B-TILs indicate higher expression levels of NR4A2. (A) UMAP of B cells in tumors and PBMCs indicating three different clusters. Pie charts
indicating distribution of each cluster in PBMCs and tumors. (B) Expression of selected genes across the three clusters. (C) UMAP projection split by tissue
of origin (PBMCs or tumor) and colored for expression of JUNB, NR4A2, FOS, FOSB, CD83, CD69, RGS1, ZFP36. Each spot represents one B cell. B-TILs,
tumor-infiltrating B cells; NR4A2, nuclear receptor subfamily 4 group A member 2; UMAP, uniform manifold approximation and projection; PBMCs, periph-
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eral blood mononuclear cells.

Discussion

The present study demonstrated that the density of B cells
was increased in the hepatocellular carcinoma (HCC) tumor
microenvironment (TME). Patients with high B cell infiltration
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had impaired antitumor activity, featured by both CD8* T cells
and NK cells with compromised ability to express granzyme B
and IFN-v. B cells positively were found to be correlated with
FOXP3* Treg cells. Moreover, PD-L1 expression significantly
correlated with the expression of the B cell marker CD20.
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Figure 6. PD-L1* cell density is significantly correlated with the density of CD20* B cells. (A) Representative images of staining following IF of CD20 and
PD-L1 combined with DAPI in tumors. (B) Quantification of PD-L1* and CD20* B cell densities (number of cells/mm?) indicated that the PD-L1 density was
positively correlated with CD20* B cells (n=37). (C) The CD20"¢"PD-L1"" patient group (n=11) exhibited significantly decreased frequency of granzyme B*
CDS8* TILs. (D) The CD20""PD-L1"e" patient group (n=11) exhibited significantly decreased frequencies of granzyme B* CD4* TILs and perforin* CD4*
TILs. "P<0.05. PD-L1, programmed death ligand-1; TILs, tumor infiltrating lymphocytes; IF, immunofluorescence.

Immune tolerance can result in weak responses towards
tumor antigens. The understanding of the underlying
mechanisms responsible for immune tolerance can provide
strategies to restore an antitumor immune response (27). The
identification of the dominant immunosuppressive cells in
patients with cancer could serve as an alternative mechanism
to overcome immune suppression. It is highly possible that
each TME is controlled by a distinct profile of a suppressive
cellular compartment (28). The present study indicated that
B cells may be a subpopulation of lymphocytes that act as
immunosuppressive cells in patients with HCC. In a mouse
model of skin carcinogenesis, B cells were required to main-
tain a chronic inflammation status, which in turn promoted
de novo carcinogenesis. Therefore, deficiency of B cells
reduced infiltration of immune cells in premalignant lesions,
while leading to inhibition of carcinoma development (29,30).
Furthermore, B cell deficiency was also found to be associ-
ated with enhanced antitumor T cell responses in mice
with increased IFN-y secretion (31), which was consistent
with the findings reported in the present study. In addition,
regulatory B (Breg) cells were identified as a leading cause

of HCC progression (32). Breg cells were shown to promote
HCC progression by increasing interleukin (IL)-10 and
tumor growth factor (TGF)-p production via activation of
the CD40/CD40 ligand signaling pathway, which resulted in
decreased tumor necrosis factor (TNF)-a levels and reduced
antitumor immune response (14). Notably, Breg cells were also
proposed to suppress T cell antitumor immune response by
converting naive CD4* T cells to Treg cells in the TME (33).
In the present study, a positive correlation between the density
of B-TILs and intratumoral Treg cells was noted. However,
whether B cells can recruit Treg cells or directly interact with
each other requires further investigation.

In the present study, the numbers of both CD8* T and
Treg cells were positively correlated with B cell density.
Garnelo et al (16) also reported that the number of B cells
was also found to correlate with the number of CD8* T cells
in HCC using IF staining. Although the number of CD8*
T cells was positively correlated with that of B cells, their
cytotoxic CD8* T cell (CTL) function was decreased in
patients with high percentage of B cells. One possible expla-
nation could be the increased percentage of Treg cells. Treg
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cells play an indispensable role in immune suppression, by
suppressing the effector activities of CD4* and CD8* T cells
as well as the function of nature killer (NK) cells (34,35).
It has been reported that Treg cells allow CD8* T cells to
proliferate, while compromising their IFN-y production and
cell-mediated cytotoxicity (36). It is interesting to note that
in the tertiary lymphoid structure (TLS), CD8* T cells were
localized close to B cells, and Treg cells were present within
the same area. B cells may interact with Treg cells, which
in turn inhibit CTL function. The mechanism and pathway
through which B cells orchestrate the TME requires further
extensive research.

Taken together, the data indicate that B-TILs in HCC are
associated with dampened antitumor immunity and may serve
as a promising target for immunotherapy.
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