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Immunological potential of tertiary lymphoid structures
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Abstract. Tertiary lymphoid structures (TLSs), which consist
of B cells, T cells, follicular dendritic cells and high endo-
thelial venules, have recently been found to be associated
with effective antitumor immune responses in patients with
cancer. Tumor-infiltrating T cells and B cells have each been
demonstrated to be associated with survival in patients with
cancer. We hypothesized that TLSs, an assembly of immune
cells, may be important for the initiation and/or maintenance
of T cell and B cell responses against tumors. The aim of
the present study was to examine the cellular mechanism
of B cells in TLSs within gastric cancer and to understand
the antitumor immune response of TLSs. Each B cell subset
in a tumor was examined using flow cytometry to evaluate
B cell differentiation and the functional status of B cells. In
addition, B cell clonality was investigated by analyzing the
B cell antigen receptor gene using PCR, and the function and
formation/maintenance of TLSs were evaluated using reverse
transcription-quantitative PCR. Tumor-infiltrating B cells were
more differentiated compared with that in distant non-tumor
tissues and tumor-draining lymph nodes. The PCR results
revealed specific BCR gene expression in tumor-infiltrating
B cells. The expression of co-stimulatory factors, CD80 and
CD86, was observed, in addition to the constantly expressed
major histocompatibility complex molecules (HLA-ABC and
HLA-DR). CD70 was expressed in addition to CD27 in both
CD20* B cells and CD8" T cells, indicating that these factors
are activated together through their interaction. The mRNA
expression levels of CCL21, CXCL13, PD-L1, perforin and
granzyme B in TLSs was significantly higher compared with
that in non-TLSs. The majority of tumor-infiltrating B cells in
gastric cancer exist in the form of TLSs around the tumor and
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have been antigen-sensitized and differentiated, and prolifer-
ated in TLSs but not in the lymph nodes. In addition, B cells in
TLSs might primarily function as antigen-presenting cells and
be associated with the induction of cytotoxic T cells.

Introduction

Immunotherapy using immune checkpoint inhibitors is associ-
ated with improved therapeutic effects in patients with gastric
cancer (1). Cytotoxic T cells (CTLs), which differentiate and
proliferate from naive CD8* T cells, play an important role
in the antitumor immune response, such as preventing tumor
progression and decreasing the metastatic potential, and
tumor-infiltrating CD8* T cells are associated with survival
of patients with gastric cancer (2). On the other hand, the role
of tumor-infiltrating B cells is controversial. Immature and
mature B cells both have the capacity to differentiate into inter-
leukin (IL)10-producing regulatory B cells, and IL10- and/or
IL35-producing plasmablasts and/or plasma cells (PCs), which
suppress the immune response (3). Previous studies have found
a correlation between tumor-infiltrating B cells and favorable
clinical outcomes in patients with cancers, such as breast, lung
and ovarian cancer (4-6). In another study on hepatocellular
carcinoma, there was a significant correlation between CD20*
B cells and CD8* T cells, and that their coexistence was
associated with an increase in the overall and recurrence-free
survival rates (7).

We previously reported that B cells formed clusters with
T cells and involved CD21 follicular dendritic cells (FDCs)
and high endothelial venules (HEVs), and that these aggre-
gates of immune cells in gastric cancer were identified as
tertiary lymphoid structures (TLSs) (8). TLSs develop in
numerous pathophysiological conditions, such as infectious
diseases, autoimmune and inflammatory disorders, and in
transplanted organs (9,10). An adaptive immune response
may be generated in TLSs within the acutely infected organ
during infection. However, when the infection lasts >5 months
it becomes chronic, and TLSs are elements of the local inflam-
matory context, wherein lymphocytic activation may occur,
leading to the development of diseases, such as Helicobacter
pylori (H. pylori)-induced chronic gastritis (11). It has been
reported that TLSs also cause chronic rejection of transplanted
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organs by generating effector and memory cells from naive
T cells in rat insulin promoter lymphotoxin-a murine
model (12). On the other hand, TLSs have been shown to be
associated with the activation of antitumor immunity responses
in cancer, for example, TLSs in lung cancer tissue are associ-
ated with tumor-infiltrating mature DCs and with prolonged
5-year disease-specific survival rate in patients with high TLS
compared to those with low TLS (13,14). Furthermore, our
previous study revealed that an increase in TLSs was correlated
with an increase in the overall survival rate in patients with
gastric cancer (8). Several studies have previously reported that
TLSs are important in the augmentation of adaptive antitumor
immune response, including T cell induction (15,16), and that
they are associated with prolonged the 5-year survival rate in
patients with cancer, such as lung, gastric, colorectal and breast
cancer, as well as oral squamous cell carcinoma (14-18).

We therefore hypothesized that TLSs could be a key factor
in the induction of antigen-specific CTLs. While the mecha-
nisms underlying the formation, maintenance and function
of TLSs are currently being explored, the antitumor func-
tion of B cells in TLSs remain unclear. In the present study,
the cellular mechanism of B cells in TLSs surrounding the
primary tumor was examined to understand the association
between TLSs and the proliferation of CTLs, which may lead
to a new immunotherapeutic platform for gastric cancer.

Materials and methods

Patients and specimens. The present retrospective study
included 226 patients with stage IB-IV gastric cancer who
had undergone initial surgical resection without preoperative
chemotherapy and radiotherapy at Osaka City University
Hospital, (Osaka, Japan) between 2007 and 2010. The mean
age of the patients was 66.6 years (range, 22-88 years) and
there were 162 (71.7%) males and 64 (28.3%) females.
The disease-free survival (DFS) was defined as the time
between the date of surgery and recurrence. Pathological
TNM staging was recorded for all patients based on the
Union for International Cancer Control TNM classification,
7th edition (19). Location, circumference and histological
type were determined based on the Japanese classification of
gastric carcinoma, 14th edition (20). The specimens collected
between 2007 and 2010 were subjected to immunohisto-
chemistry, reverse transcription-quantitative PCR (RT-qPCR)
and terminal deoxynucleotidyl-transferase-mediated dUTP
nick end labeling (TUNEL) analysis. Fresh gastric cancer
specimens from 40 patients with stage IB-IV gastric cancer
without preoperative chemotherapy and radiotherapy were
obtained immediately after surgical resection between 2016
and 2019 for flow cytometry analysis, the analysis of B cell
antigen receptor (BCR) and allogeneic mixed leukocyte
reaction (allo-MLR). TLSs in the fresh resected specimens
were identified using hematoxylin and eosin (H&E) staining.
Distant non-tumoral tissues, >3 c¢cm from tumor tissues and
Ilymph nodes, which were located in the peri gastric wall
near the primary tumor, termed tumor-draining lymph
nodes (TDLNs) were also obtained from the same resected
specimens. Peripheral blood mononuclear cells (PBMCs)
were obtained from healthy donors. The present study was
performed according to the Declaration of Helsinki and was
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approved by the Osaka City University Ethics Committee and
informed consent was provided by all the patients.

Immunohistochemistry. Immunohistochemistry was performed
on 4-um thick sections from paraffin-embedded (FFPE) tumor
blocks, which were obtained from patients with gastric cancer
and fixed with 10% formalin at room temperature for 6-48 h.
After incubation at 60°C for 10 min, the sections were deparaf-
finized using xylene and rehydrated in a graded ethanol series
(70, 80, 90 and 100%) for 3 min each time, twice. Endogenous
peroxidase activity was blocked with absolute methanol
containing 3% hydrogen peroxide at room temperature for
15 min. After washing the sections in PBS, they were micro-
waved for 10 min to achieve antigen retrieval. Non-specific
binding was blocked using the non-specific staining blocking
reagent, Target Retrieval Solution (Dako; Agilent Technologies,
Inc.), which was diluted 10 times with sterile distilled water, and
the samples incubated at 95°C for 45 min. The sections were
subsequently incubated with the primary antibody overnight at
4°C, following which, they were incubated with the secondary
antibody, histofine reagent (pre-diluted; Nichirei Biosciences,
Inc.) at room temperature for 10 min, and the signal was visual-
ized using 3-3'-diaminobenzidine, and finally counter-stained
with hematoxylin at room temperature for 20 sec before
mounting. The primary antibodies used for the immunohisto-
chemical analyses were as follows: mouse anti-CD3 for T cells
(clone F7.2.38; 1:50; Dako; Agilent Technologies, Inc.), mouse
anti-CD20 for B cells (clone L26; pre-diluted; Dako; Agilent
Technologies, Inc.), mouse anti-CD21 for FDCs (clone 413771;
pre-diluted; Nichirei Biosciences, Inc.) and anti-CD138 for
PCs (clone MI15; 1:50; Dako; Agilent Technologies, Inc.). The
primary antibodies were diluted with 5% BSA (Sigma-Aldrich;
Merck KGaA) in PBS. The invasion density of B cells that were
CD20-positive following immunostaining was measured using
the ImageJ software program (version 15.1; National Institutes
of Health), and the mean value of the percentage area in the
3 fields of view was determined. The cut-off value (1.927) was
determined by the receiver operating characteristic curve. This
value was then used to divide specimens into two groups: TLS
rich (n=105) and poor (n=121).

Isolation of lymphocytes. Fresh specimens from 20 patients
with gastric cancer were obtained immediately following
resection. Approximately 1 cm?® tissue was sampled from the
tumor area, the non-tumor area and TDLNSs of the resected
specimens. The tissues were minced, further pulverized by
mixing with a homogenizer and digested in 1 mg/ml collage-
nase for 1 h. The cell suspension was filtered with a cell strainer
with a 70-ym nylon mesh (BD Falcon; BD Biosciences) and
lymphocytes were then isolated using Ficoll density gradient
centrifugation with Ficoll-Paque™ PLUS (GE Healthcare
Life Sciences) at 1,025 x g for 20 min at 20°C, with the brakes
off (21). PBMCs were also isolated from healthy donors using
Ficoll-Paque™ PLUS (GE Healthcare Life Sciences). For
Allo-MLR and BCR analysis, cell sorting was additionally
performed using the BD FACSAria™ (BD Biosciences) 111
according to the manufacturer's instructions.

Flow cytometry. Flow cytometry was performed to charac-
terize and compare the surface markers of B and T cells in the
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single-cell suspensions of each tissues (tumor tissues, distant
non-tumor tissues and TDLNSs, obtained from the same fresh
resected specimens; n=20), and PBMCs from the blood of the
healthy controls (n=3). To visualize B cells and confirm the
differentiation stage in greater detail, the pan-B cell marker
CD19 was used, which is expressed in almost all B cell stages,
including plasmablasts. Naive B cells are activated by antigen
stimulation in the pre-activated state to become pre-germinal
center (GC) B cells, which are converted to GC B cells and then
plasmablasts. Memory B cells are in a quiescent state. B cell
subsets were classified using immunoglobulin (Ig)D and CD38
as follows: Naive B cell, CD38(int)/IgD(+); pre-GC B cell,
CD38(int)/IgD(+); GC B cell, CD38(int)/IgD(-); plasmablast,
CD38(high)/IgD(-); and memory B cell, CD38(-)/IgD(-) (14,22).
In blood from a healthy patient, IgD can be clearly distin-
guished as either positive or negative using flow cytometry,
and as CD38 is indistinguishable, the middle area between low
and high was determined as intermediate (int). To examine
the surface phenotype characteristics of antigen-presenting
cells (APCs), the expression of CD20 in differentiated
B cells was used. Multiple stainings were performed using
fluorescence-labeled monoclonal antibodies, which included
PE-Cy™ 7-labeled anti-CD19 (cat. no. 560911), BB515-1abeled
anti-CD70 (cat. no. 565156), PE-labeled anti-CD20 (cat.
no. 590961) and CD8 (cat. no. 557086); FITC-labeled anti-IgD
(cat. no. 562023), HLA-DR (MHC class II; cat. no. 560944)
and CD8O0 (cat. no. 557226); and APC-labeled anti-HLA-ABC
(MHC class I; cat. no. 555555), CD27 (cat. no. 561786),
CD38 (cat. no. 560980) and CD86 (cat. no. 555660); Fc
Block™ (cat. no. 564220); 7-Amino-Actinomycin D (cat.
no. 559925) were purchased from BD Biosciences. In brief,
after saturation with BD Fetal Bovine Serum Stain Buffer
(BD Biosciences), mononuclear cells were incubated with the
primary antibodies or appropriate isotype controls for 30 min
at 4°C in the dark. Flow cytometric analysis were performed
on the BD FACSAria™ III (BD Biosciences) according to the
manufacturer's instructions. The same procedure was used to
evaluate the dilution of carboxyfluorescein succinimidyl ester
(CFSE; Thermo Fisher Scientific, Inc.) in Allo-MLR.

Allogeneic-mixed leukocyte reaction (Allo-MLR). B cells
isolated from tumor tissues (TLSs area) and non-tumor tissues
(non-TLSs area) of the fresh resected specimens as aforemen-
tioned were used. CD4* T cells were isolated from PBMCs of
healthy donors using the CD4* T Cell Isolation kit according
to the manufacturer's protocol (Miltenyi Biotec GmbH). Allo
CD4* T cells were stained with 5 yuM CFSE (Thermo Fisher
Scientific, Inc.) at 37°C for 30 min and added to the B cells
at a ratio of 5:1 (T:B cells). The cells were then co-cultured
in 96-well U-bottom plates (Corning, Inc.) at 37°C in a
humidified incubator with 5% CO,. After 24 h, the co-cultures
were stained with APC-labeled anti-CD4 (cat. no. 555349;
BD Biosciences) for 30 min at 4°C in the dark and the T cell
proliferation was assessed by measuring the dilution of CFSE
using flow cytometry and gating of CD4* T cells.

Analysis of B cell antigen receptor genes. Total RNA was
extracted from B cells in the PBMCs of one healthy donor and
from the tumor tissues of three patients with gastric cancer
using the RNeasy Mini kit according to the manufacturer's
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protocol (Qiagen, GmbH). cDNA was synthesized using the
ReverTra Ace® qPCR RT master mix with gDNA Remover,
according to the manufacturer's protocol (Toyobo Life Science,
Inc.), using the following protocol: 37°C for 15 min, 50°C for
5 min and 98°C for 5 min. DNA amplification was performed
in a total volume of 20 pl using Applied Biosystems™
AmpliTaq Gold™ 360 master mix (Applied Biosystems;
Thermo Fisher Scientific, Inc.) with the Human IgG/IgM
Library primer set according to the manufacturer's protocol
(PROGEN Biotechnik GmbH) (23). The variable heavy chain
(VH1-VH3) forward primer was used with the IgG or IgM
constant region reverse primer. The following primers were
used: VHI forward, 5-GAATAGGCCATGGCG5AGGTGCA
GCTGGTGCAGTCT-3; VH2 forward, 5-GAATAGGCCA
TGGCGCAGGT(AG)CAGCTGCAG(GC)AGTC-3'; VH3
forward, 5-GAATAGGCCATGGCGGAGGTGCAGCTGST
GGAGTCT-3" 1gG reverse, 5-GAGTCAAGCTTTGGGCCC
TTGGTGGA-3"; IgM reverse, 5-GAGTCAAGCTTTGGGCG
CGATGCACT-3"; « variable light chain (vK)1/4 forward,
5“TACAGGATCCACGCGTAGACATC(GC)(AT)GATGACC
CAGTCTCC-3',vK2 forward, 5“TACAGGATCCACGCGTAG
ATATTGTGATGAC(CT)CAGSCTCCA-3'; vK3 forward,
5“TACAGGATCCACGCGTAGAAATTGTS6TGACTCAGT
CTCCA-3', vK reverse, 5-"TGCCAAGCTTGCGGCCGCG
AAGACAGATGGTGCAGCACAGT-3'; A variable light chain
(VA)1 forward, 5"TACAGGATCCACGCGTACAGTCTGT
G5TGAC6CAGCCGCCCTCA-3"; VA2/5 forward, 5'-TAC
AGGATCCACGCGTACAGTCTGCGCTGACTCA(AG)CCG
(GC)CCTCT-3; VA3 forward, 5"TACAGGATCCACGCGTA
TCCTATGACCTGACTCAGCCACCST-3"; VA4a forward,
5'-TACAGGATCCACGCGTATCTGAACTGACTCAGCC

(AGT)5CCTC-3"; VA4b forward, 5"TACAGGATCCACGCG
TATCTGAACTGACTCAGGACCCTGST-3"; VA6 forward,
5" TACAGGATCCACGCGTASATTTTATGCTGACTCAGC
CCCCCTCT-3', and VA reverse, 5"TGCCAAGCTTGCGGCC
GCAGAGGASGG6GGGAACAGAGTGAC-3". The thermocy-
cling conditions are as follows: denaturation at 95°C for 30 sec,
annealing at 55°C for 1 min and extension at 75°C for 1 min for
30 cycles. The amplified DNA fragments were electrophore-
sized using 2.0% agarose and stained with ethidium bromide.

RT-gPCR. A total of 12 specimens, which had a high TLS
area in the TLS-rich tumor were selected for RT-qPCR.
FFPE tissue samples of the TLSs area and non-TLSs
area from the same specimens were cut into 20-um thick
sections. A total of 4 FFPE sections were used for total
RNA isolation using the RecoverAll™ Total Nucleic Acid
Isolation kit according to the manufacturer's protocol, and
the cDNA was synthesized using the SuperScript™ IV
VILO™ master mix with ezDNase™ enzyme according to
the manufacturer's protocol (both Thermo Fisher Scientific,
Inc.), using the following protocol: 25°C for 10 min, 50°C
for 10 min and 85°C for 5 min. Transcripts were quantified
using the StepOnePlus™ Real-Time PCR System (Thermo
Fisher Scientific, Inc.). Reactions were performed in a
total of 20 ul using TagMan™ Fast Advanced master mix
(Thermo Fisher Scientific, Inc.) with the following TagMan®
Gene Expression Assays: B2M (cat. no. Hs00187842_m1),
IL12A (cat. no. Hs01073447_ml), interferon (IFN)y
(cat.no. Hs00989291_m1), CD274 (cat. no. Hs00204257_m1),
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PDCDILG2(cat.no.Hs00228839_m1),PRF1 (cat.no.Hs04931936_
ml), GZMB (cat. no. Hs04261345_m1), CCL21 (cat. no.
Hs99999110_m1) and CXCL13 (cat. no. Hs00757930_m1)
(all Thermo Fisher Scientific, Inc.) The conditions for gPCR
were as follows: Initial denaturation at 95°C for 10 min;
followed by 40 cycles of 95°C for 10 sec and 60°C for 1 min.
The 2244 method was used to determine the relative expres-
sion of each target gene (24).

TUNEL assay. The TUNEL assay was performed using the
In situ Apoptosis Detection kit according to the manufac-
turer's protocol (Takara Bio, Inc.). In brief, 10 specimens
(total 20 specimens) were randomly selected from the TLS
rich and poor groups, and the FFPE tissue sections were
deparaffinized using xylene and rehydrated in a graded
ethanol series (80, 90 and 100%) for 5 min each time, twice.
Proteinase K (Fujifilm Wako pure Chemical Corporation)
was applied at 400 pg/ml and the sections were incubated at
room temperature for 5 min. Endogenous peroxidase activity
was blocked with 3% hydrogen peroxide at room temperature
for 15 min. Labeling reaction mixture (consisting of 5 pl TdT
enzyme + 45 ul labeling safe buffer; prepared prior to use)
was then added to the slide, which was subsequently incubated
at 37°C in a humidified incubator for 60-90 min. Anti-FITC
horseradish peroxidase-conjugate (prediluted; Takara Bio,
Inc.) was then added (70 ul) and incubated at 37°C for 30 min.
Finally, the sections were developed with DAB at room
temperature for 10-15 min and stained with 3% methyl green
at room temperature for 1-2 min. The tumor sections were
scanned at low magnification to select 3 fields of view with
a high number of apoptotic cell death at x400 magnification
using a fluorescent microscope.

Statistical analysis. All statistical analyses were performed
using the JMP software program (version 13; SAS Institute,
Inc.). The experiments were repeated at least 3 times, and the
data are presented as mean + SE. Categorical variables were
compared using * tests. Continuous variables were compared
using one-way ANOVA with Tukey-Kramer post-hoc
test (Fig.4B), Wilcoxon signed rank test (Figs. 5B, 6Ac and 6Bc;
lymph nodes vs. tumor tissues) or Wilcoxon's rank-sum test
(Figs. 4C, 5B, 6Ac, 6Bc and 9B). The Kaplan-Meier method
and log-rank test were used to compare DFS curves. P<0.05
was considered to indicate a statistically significant difference.

Results

Confirmation of TLSs in gastric cancer. TLSs were primarily
confirmed as aggregates of immune cells at the invasive
margin of the tumor, as previously reported (8). Intratumoral
TLSs were easily recognized as lymphocyte aggregates in
a low-power field of H&E staining (Fig. 1A and B). TLSs
consisted of various types of cells, including B cells, T cells
and FDCs. The presence of these cells in TLSs was confirmed
using immunohistochemistry with anti-CD20 for B cells,
anti-CD3 for T cells, and anti-CD21 for FDCs. B cell clusters
were found to be surrounded by a T cell zone and included
FDCs (Fig. 1C-F). Therefore the cluster of CD20* B cells were
defined as TLSs and further experimentation was performed.
TLSs were observed in normal gastric mucosa, mostly in the
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muscularis mucosae (Fig. 1G), but intratumoral TLSs were
also observed in the vicinity of the tumor (Fig. 1C).

Differentiation and activation of tumor-infiltrating B cell.
Associations between paraneoplastic or intratumoral TLSs and
clinicopathological features are presented in Table I. Strong
TLS expression, with an area >3.0% using ImageJ software was
observed in ~20% of patients in the TLS-rich and TLS-poor
groups. There was no significant differences between the
TLS-rich and poor groups, with the depth of invasion, lymph
node metastasis, histological type, or tumor site. However, the
DFS was significantly longer in the TLS-rich group compared
with that in the TLS-poor group (Fig. 2). Thus, we hypothesized
that TLSs might play a key role in the induction of cancer
specific cytotoxic T cells initialized by B cells. PCs stained with
anti-CDI138 antibody were detected in the stroma of the tumor,
but not within TLSs (Fig. 3A and B), suggesting that the B cells
in TLSs might have another function but not the antibody
producing PCs. To determine whether or not B cells are activated
in the tumor, double staining with IgD and CD38 was performed
to determine the degree of B cell differentiation (Fig. 4A). The
proportion of naive B cells was further reduced in tumor tissues
compared with that in TDLNs, and in non-tumor tissues, and
the proportion of GC B cells was increased in tumor tissues,
although this was not significant (Fig. 4B). These results
indicate that B cells were activated in the tumor tissues. The
TLS-rich group showed a lower proportion of naive B cells
and an increase in GC B cells and plasmablasts compared with
that in the TLS-poor group. GC B cell activation was strongly
observed in the TLS-rich group (Fig. 4C).

Next, to analyze the function of tumor-infiltrating B cells
as APCs, B cell phenotypes, including major histocompat-
ibility complex (MHC) and co-stimulatory molecules were
investigated. The expression of human leukocyte antigen
HLA-ABC, HLA-DR, CD80 and CD86 on CD20* B cells was
confirmed. Similarly, to examine the interaction with T cells,
the expression of CD27 and CD70, which are costimulatory
systems expressed in the activated state, was confirmed on
CD20" B cells and CD8* T cells. The expression of CD80/86, a
co-stimulatory factor, was observed in addition to the constant
expression of MHC (HLA-ABC and HLA-DR) (Fig. 5A).
In addition to the expression of CD27 in CD20* B cells and
CDS8* T cells, the expression of CD70, through which survival
and the proliferation of CTLs are promoted, was observed in
tumor tissues (Fig. 6Aa and b, and Ba and b). In the TLS-rich
group, the expression of co-stimulatory molecules CD80/86
and CD27/70 in B cells was higher compared with that in the
TLS-poor group (Fig. 5B, 6Ac and Bc). Furthermore, B cells
isolated from tumor tissues (TLSs area) induced T cell prolif-
eration in allo-MLR compared with that in non-tumor tissues
(non-TLSs area) (Fig. 7). These results suggest that B cells
in the TLS-rich tumor were activated and they induced the
proliferation of T cells.

Clonality of tumor-infiltrating B cells. To evaluate the clon-
ality of B cells, the BCR gene expression in PBMCs from one
healthy donor and the tissues of three patients with gastric
cancer was compared (Fig. 8). From the healthy donor, the
PBMCs amplified the majority of the variable region genes,
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Figure 1. Characterization of immune cells within TLSs. Hematoxylin and eosin staining showing lymphocyte aggregates, as shown by arrows, in gastric
cancer at (A) x12.5 and (B) x100 magnification. (C-F) Immunohistochemical staining in patients with gastric cancer. CD20* B cells form clusters around the
tumor at (C) x40 and (D) x100 magnification. (E) A CD3* T cell zone is adjacent to the CD20* B cell-rich area. (F) The CD20* B cell area contained CD21*
follicular dendritic cells. (G) Immunohistochemical staining in a normal stomach, with TLSs in the muscularis mucosa. TLSs, tertiary lymphoid structures.

whereas those from gastric cancer tissues only amplified
specific bands, which confirmed that the variable region genes
in cancer tissues were deletion or changed, and that this was
different in the 3 patients. In tumor tissues, tumor-infiltrating
B cells may be antigen-sensitized and some specific B cell
clones may proliferate.

Gene expression by immune cells in TLSs. To validate the
organization and activation of TLSs, RT-qPCR was performed
to detect genes for cytokines, chemokines, cytotoxic substances
and immune checkpoint molecules in TLSs area and non-TLSs
area of the specimens for the TLS-rich tumor (n=12) (Fig. 9).
The lymphocyte chemoattractants, including CCL21 and
CXCL13, were chosen as they are required for the activation
of B cells (25). The mRNA CCL21 and CXCL13 expression
levels were significantly higher in TLSs compared with that
in non-TLSs; however, the mRNA expression levels of 1L12
and IFNy were not statistically significant, although the
mRNA levels of IL12 was higher in TLSs compared with
that in non-TLSs. The mRNA expression levels of perforin,
Granzyme B and PD-L1 were also significantly higher in TLSs
compared with that in non-TLSs; however, there was no signifi-
cant difference in the expression levels of PD-L2 although the
levels were higher in TLSs compared with that in non-TLSs.

Apoptotic cell death in gastric cancer cells. The TUNEL
assay was performed to detect apoptotic cells in tumor tissue.
Apoptotic cells were stained brown, and positivity in the

TUNEL assay was observed in 7/10 specimens in the TLS-rich
group (Fig. 10A and B) but it was only observed in 1/10 speci-
mens of the TLS-poor group (Fig. 10C). There was no marked
difference in the appearance of apoptotic cells. However, this
result suggests that TLSs may enhance the antitumor immune
response.

Discussion

In the present study, the status and function of B cells in the
TLSs surrounding gastric cancer tumors was investigated.
Following which it was found that in intratumor TLSs, the
proportion of naive B cells was reduced, while the numbers of
CD38* B cells were increased, suggesting clonality and inter-
action with T cells. The mRNA expression levels of granzyme
and perforin were also found to be increased around TLSs in
the resected specimens. These results suggest that local TLSs
in gastric cancer may be involved in the anti-tumor immune
response.

TLSs are structurally and functionally similar to secondary
lymph organs, characterized by B cell follicles, T cell zones,
FDCs, DCs and HEVs within almost any non-lymphoid
tissue (25,26). TLSs are also present in the mucosa of the
normal stomach, primarily on the muscularis mucosae (27),
and chronic inflammation due to persistent H. pylori infec-
tion is hypothesized to cause TLSs to be organized in the
normal gastric mucosa, also called mucosa-associated
lymphoid tissue (11). In the present study, it was found that
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Figure 2. Kaplan-Meier curve of the DFS in patients with gastric cancer
stratified by TLSs number. The DFS was significantly longer in the TLS-rich
group than in TLS-poor group. TLSs, tertiary lymphoid structures; DFS, dis-
ease-free survival.
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Figure 3. Immunohistochemical staining of CD138* cells in patients with
gastric cancer. CDI138* cells are not present within tertiary lymphoid struc-
tures at (A) low- and (B) high-power fields. (B) is indicated by the area
highlighted in the black rectangle in (A).

B cells, T cells and FDCs form aggregates in gastric cancer
tissue, an aspect that has been previously reported in greater
detail (8), with CD4* T cells occupying the majority of the
CD3* T cell zone, while scattered CD&8* T cells were found
around the B cell zone, and the presence of Bcl6*, germinal
center B cells and HEVs adjacent to the B cell areas. TLS
neogenesis and lymphoid organogenesis also share numerous
common mechanisms. The mechanism of B cell differentia-
tion has been previously described (28). In brief, generally, in
secondary lymphoid organs, antigen-activated B cells from
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Table I. Association of TLSs with the clinicopathological
features in patients with gastric cancer.

No. of TLS TLS

Characteristics patients,n  poor,n rich,n P-value
All cases 226 121 105
pT category

T1b-2 74 44 30

T3-4 152 77 75 0.213
pN category

NO-1 118 64 54

N2-3 108 57 51 0.826
pStage

Ib-1I 113 62 51

1I-1v 113 59 54 0.689
Location

U 68 34 34

M 70 43 27

L 88 44 44 0.281
Circumference

Ant 37 22 15

Less 105 52 53

Post 34 17 17

Gre 39 22 17

Circ 11 8 3 0.536
Histological type

Differentiated 94 50 44

Undifferentiated 132 71 61 0.929

TLS, tertiary lymphoid structures; U, upper third; M, middle third;
L, lower third; Ant, anterior wall; Less, lesser curvature; Post, posterior
wall; Gre, greater curvature; Circ circumferential involvement.

naive B cells enter the GC and differentiate into GC B cells,
which subsequently differentiate into plasmablasts and remain
active, or transform into memory B cells. Some memory
B cells remain in the GC and lymphatic organs, but migrate
outside the lymphatic organs and circulate in the blood (29). A
similar mechanism is believed to be involved in TLSs (10,30).

In the present study, it was demonstrated that B cell activa-
tion occurred in the TLS-rich tumor. The presence of almost all
B cell stages, including GC B cells, plasmablasts and numerous
memory B cells, was observed in gastric cancer, as previously
reported in non-small cell lung cancer (NSCLC) (14). However,
PCs were concentrated near the periphery of TLSs, and this
has been previously reported in ovarian cancer (31). Indeed,
the infiltration of PCs has been controversial. CD138" cells
were associated with increased overall survival time in patients
with NSCLC (32), whereas CD138" cells were associated with
shorter survival in patients with colorectal cancer and invasive
ductal breast cancer (33,34). In addition, Germain et al (14)
showed that the number of GC-B cells in TLS-rich NSCLC
tumors was correlated with the number of PCs able to secrete
antibodies against endogenous tumor-associated antigens, such
as LAGE-1, NY-ESO-1, P53. Their findings suggest that TLSs
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from (A) non-TLSs area and (B) TLSs area of tumor tissues. TLS, tertiary
lymphoid structures; CFSE, carboxyfluorescein succinimidyl ester.
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Figure 8. Agarose gel electrophoresis of PCR products. Human heavy and
light chain immunoglobulin variable region genes in (A) peripheral blood
mononuclear cells from a healthy donor (B-D) in samples from patients
with gastric cancer tissues. Specific bands are shown between each group.
Lanes 1-3, VHI-VH3-IgG; lanes 4-6, VH1-VH3-1gM; lanes 7-9, vK1/4-vK3;
lanes 10-15, VA1-VA6. VH, variable heavy chain; vK, k variable light chain;
VA, A variable light chain.
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are sites for the local generation of humoral immunity and that
PCs may locate towards the tumor to mediate antitumor effects
by producing antibodies against tumor-associated antigens.
However, in the present study it was revealed that the B cells
in TLSs were not PCs, suggesting that the B cells in TLSs have
the capacity to present antigens to T cells.

To further investigate the function of APCs, it was found that
both CD20* B cells and CD8* T cells express CD27 and CD70.
The CD27/CD70 co-stimulatory system persists in the effector
phase, with the resulting CD27/CD70 interactions driving the
survival of effector T cells (35). Furthermore, the ligation of
CD27 on B cells to CD70 on CTLs was deemed critical for
sustaining the B-cell activation and immunoglobulin synthesis
in an antigen-independent manner, as well as for promoting
the survival and proliferation of CTLs (36). Arens et al (37)
showed that in vivo CD27 ligation by constitutive CD70 on
B cells enhances the primary CD8* T cell response to tumors;
CD27 stimulation results in increased antigen-specific CD8*
T cell numbers and increased the production of IFNy as well
as increased cytotoxicity on a per cell basis. Van de Ven and
Borst (38) suggested that the CD27/CD70 co-stimulatory
system is geared to promote B and T cell responses and
particularly the CTL response, which inspires its targeting in
cancer immunotherapy.

In the present study, tumor-infiltrating B cells in gastric
cancer was semi-clonal, antigen-sensitized, differentiated and

activated in tumor tissues and suggests that B cells primarily
serve as APCs, which is consistent with previous reports in
ovarian cancer and hepatocellular carcinoma (6,7). These find-
ings suggest that the primary function of TLSs may involve
cellular immunity rather than humoral immunity. Changes in
the BCR gene expression in tumor-infiltrating B cells yielded
evidence of oligoclonality, which is a feature of antigen expo-
sure, and it can be surmised that these are enriched B cells
with specificity against tumor-associated antigens. In tumor
tissues, tumor-infiltrating B cells may be antigen-sensitized
and some specific B cell clones may proliferate (14).

TLS formation is promoted by inflammatory cytokine
production [e.g. lymphotoxin (LT)a/p], lymphoid chemokine
production (e.g. CXCL13 and CCL21) and peripheral node
addressin (PNAd)* HEV development, and through these
critical events, B cells, T cells and DCs may participate in the
initiation and/or maintenance of TLSs under inflammatory
conditions, such as cancer development (10,39,40). Lymphoid
organogenesis is under the control of crosstalk between
lymphoid tissue inducer cells expressing membrane lympho-
toxin (trimeric form LTalfp2) and LTB-receptor+ lymphoid
tissue organizer cells. This interaction leads to the secretion
of the lymphoid chemokines CXCL13 and CCL21, which in
turn attracts new circulating lymphoid tissue inducer cells,
resulting in an amplification loop. CXCL13 and CCL21 then
induce the recruitment of B cells and T cells, respectively,
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Figure 10. Detection of apoptosis using TUNEL. Apoptotic cells were
stained brown. (A and B) TUNEL-positive cells were scattered in TLS-rich
group (arrows). (C) Negative TUNEL-positive cells in the TLS-poor
group. TLS, tertiary lymphoid structures; TUNEL, terminal deoxynucleo-
tidyl-transferase-mediated dUTP nick end labeling.

into B cell zone and T cell zone of the lymphoid organ (41).
B cells express the chemokine receptor CXCRS and migrate
in response to the expression of CXCL13 by FDCs (13). In the
present and in a previous study (8), the presence of HEVs and
FDCs in TLSs was demonstrated by immunohistochemical
staining. The findings from the present study suggest that
CXCL13 and CCL21 play a major role in TLS neogenesis. The
aforementioned CXCL13-CXCRS axis enhances B cell acti-
vation by inducing the accumulation of antigens at the B cell
membrane to enhance BCR signaling (42).

The mRNA expression levels of perforin and Granzyme B
were found to be increased in TLSs. Tumor-infiltrating B cells
might also directly kill tumor cells through antibody-indepen-
dent mechanisms (43), and B cells can secrete Granzyme B
in an IL21 stimulation-dependent manner (44,45), which may
potentially have direct cytotoxicity against tumor cells. In
hepatocellular cancer, tumor-infiltrating B cells were shown
to produce IL12 and IFNy (B cell effector 1 cytokines),
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suggesting their potential involvement in the facilitation of
type 1 cellular immunity (7).

TLSs are induced in response to inflammatory stimuli and
develop in any tissue where persistent inflammation occurs as
aforementioned (11). Almost all gastric cancers are adenocar-
cinomas, which are primarily classified into well-differentiated
or intestinal type and undifferentiated or diffuse type. The
intestinal type is associated with gastritis with atrophy and
intestinal metaplasia, whereas the diffuse type originates in
pangastritis without atrophy (46). However, there was signifi-
cant association between tumor location or histological type
and TLSs, although the DFS was significantly longer in the
TLS-rich group compared with that in the TLS-poor group.
These results suggest that the antitumor immune response of
TLSs in gastric cancer may be not dependent on histological
type but may depend on the extent of TLSs formation.

The present study has some limitations. Firstly, the number
of samples was relatively small. This may be due to the fact that
~20% of the cases in our previous study (8) revealed a strong
formation of TLSs, which further reduced the availability of
samples for gene or cell collection. Secondly, there were several
weaknesses in the analysis of TLSs. It is difficult to distinguish
TLSs from other lymphoid structures, such as Crohn's-like
Lymphoid Reaction (CLR), as CLR has discrete lymphoid
aggregates within the GC in colorectal cancer, they are mostly
located in the muscularis propria and pericolonic adipose tissue
beyond the advancing tumor edge, and they could be regarded
as CRC-specific ectopic lymphoid structures (47). Lastly, it is
important to analyze fibroblastic reticular cells and additional
co-stimulatory molecules other than CD27/CD70, such as
4-1BB and OX40, which are associated with the promotion of
effector CD4* and CD8" T-cell survival, and the formation of
CDS8* T cell memory cells (48). Furthermore, it is necessary to
clarify the antigens that are recognized by tumor-infiltrating
B cells. Therefore, further studies are required to validate
the results from the present study. Nevertheless, the presence
of TLSs in tumor tissue may induce the development of the
antitumor immune response in gastric cancer.

In conclusion it was found that most tumor-infiltrating B cells
in gastric cancer exist in the form of TLSs, they are antigen-sensi-
tized, and can differentiate into APCs and proliferate in TLSs
but not in lymph nodes. In addition, tumor-infiltrating B cells
might primarily function as APCs and may be associated with
the increased proliferation and survival of CTLs. These find-
ings suggest that TLSs around the tumor play a crucial role in
inducing antitumor CTL proliferation and indicate that TLSs
might have an application in immunotherapy for gastric cancer.
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