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of tertiary lymphoid structures
can predict clinical outcomes
of patients with

gastric adenocarcinoma
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Introduction: Tertiary lymphoid structures (TLSs) are analogues of secondary
lymphoid organs that contain various immune cells. The spatial distribution,
maturation and composition of TLSs have differential effects on prognosis, and
the roles of TLSs in gastric adenocarcinoma (GA) have not been revealed.

Methods: Thus, we evaluated the prognostic value of TLSs in GA through analysis
of bulk RNA sequencing(RNA-seq) data from public databases and validated our
findings in tumour samples from the Fudan University Shanghai Cancer Center
(FUSCC) cohort. The spatial distribution,maturation, and composition of TLSs in
GA were analysed by reviewing H&E-stained sections and by multiplex
immunofluorescence (mIF) staining.

Results: We found that TLSs, especially TLSs with germinal centres (GCs) and
TLSs located in the invasive margin (IM), were correlated with prolonged overall
survival (OS). Second, analysis of public RNA-seq data showed that high dendritic
cell (DC) scores were a favourable prognostic factor in GA patients with high
scores for both TLSs and GCs. In the FUSCC cohort, DC-LAMP+ DCs
weresignificantly enriched in IM-TLSs with GCs, suggesting a potential
correlation between the tumour immune activation milieu and the DC
abundance. Third, compared to that in TLSs without GCs, the proportion of
FOXP3+CD8+ Treg cells was significantly decreased in IM-TLSs with GCs, and
the percentage of PD1+CD20+ B cells was significantly increased in TLSs
with GCs.

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1396808/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1396808/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1396808/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1396808/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1396808/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2024.1396808&domain=pdf&date_stamp=2024-07-29
mailto:wanglei056713@163.com
mailto:shengweiqi2006@163.com
https://doi.org/10.3389/fimmu.2024.1396808
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2024.1396808
https://www.frontiersin.org/journals/immunology

Sun et al.

10.3389/fimmu.2024.1396808

Discussion: Our results demonstrate that the spatial arrangement and maturation
of TLSs significantly affect prognosis and indicate that TLSs could be a new
additional factor for histopathological evaluation.
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stomach adenocarcinoma, tertiary lymphoid structure (TLS), distribution of TLSs,
maturation of TLSs, DC-LAMP+ dendritic cells, prognosis

Introduction

Gastric adenocarcinoma (GA) is the fifth most frequently
diagnosed cancer and the second leading cause of cancer death
worldwide, responsible for more than 1 million new cases and
approximately 770 000 deaths in 2020, with approximately half
(478 000) of the new cases diagnosed in China (1). The prognosis of
advanced GA, a heterogeneous disease, remains poor due to the lack
of effective therapies; thus, personalised treatment approaches are
needed (2). With the application and development of
immunotherapy, scientists have discovered that the immune
microenvironment affects not only the efficacy of immunotherapy
but also the biological behaviour of the tumour cells within it (3).
Extensive molecular studies have attempted to identify GA subtypes,
revealing a crucial role of the immune microenvironment in the
progression of GA (3). Zhang et al. demonstrated that large numbers
of tumour-infiltrating lymphocytes (TILs) were associated with a
favourable prognosis in patients with GA and that the presence of
TILs indicates a protective host antitumour immune response (4).
Therefore, direct characterisation of the immune context may
provide further insights into this malignancy.

Recently, tumour-associated tertiary lymphoid structures (TLSs),
which are analogues of secondary lymphoid organs, have attracted
extensive attention (5). These complex structures constitute
privileged sites for local antigen presentation and lymphocyte
differentiation, thus providing an important milieu for both cellular
and humoral antitumour immune responses (6-8). Indeed, the
presence of tumour-associated TLSs is associated with a favourable
prognosis and a robust response to immunotherapy in most solid
tumours, albeit with some contradictory observations. Further studies
showed that both the total number of TLSs and the numbers of TLS-
associated immune cells - including but not limited to follicular
helper T cells (TFHs), follicular B cells, mature DCs, and CD8+ T
cells — and HEV's were associated with prolonged survival in patients
with many different tumour types (9-13). Regarding maturity, the
first prognostic analysis of TLSs in human cancer patients revealed
that TLSs containing GCs were correlated with improved survival in
patients with hepatocellular carcinoma (HCC)and colorectal cancer
(CRC) (14, 15). However, studies of TLSs in GA have generally
focussed on B cells and CD8+ T cells (16-18). The maturation of
TLSs in GA has been investigated only in research on Epstein—Barr
virus-associated gastric cancer (EBVaGC). This study revealed that
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intratumoural mature TLSs were associated with a favourable
prognosis and predicted a good therapeutic response in EBVaGC
patients (19). However, the prevalence of EBVaGC in China was
estimated to be only 4.1% (55 of 1328 cases) (20), and the prognostic
value of TLS maturation in conventional GA remains unknown.
Moreover, whether immune components within TLSs impact the
maturation of TLSs in GA awaits further exploration. Ding et al.
demonstrated that the abundance of intratumoural TLSs was an
effective predictor of a favourable prognosis for patients with
intrahepatic cholangiocarcinoma (iCCA), while the presence of
peritumoural TLSs was significantly associated with dismal
outcomes (21). The dual impacts of spatially different TLS
distributions have also been recognised in HCC and breast cancer
(5,22). However, the impact of the spatial distribution of TLSs in GAs
remain inconclusive.

Recently, much effort has been directed at studying the role of
TLSs in tumours using RNA-seq data, and considerable progress has
been made. Jia et al. divided the TCGA-Liver Hepatocellular
Carcinoma cohort into intratumoural TLS-positive (iTLS-positive)
and intratumoural TLS-negative (iTLS-negative) groups using
pathological sections from the Cancer Digital Slide Archive, and
they discovered from the RNA-seq data that the differentially
expressed genes between the two groups were closely associated
with immune-dominated pathways (23). Via RNA-seq analysis of
pancreatic ductal adenocarcinoma samples, Gunderson et al.
discovered that the differentially expressed genes in the TLS-
positive (TLS+) and TLS-negative (TLS-) subtypes were associated
with T and B-cell activity, and gene set enrichment analysis (GSEA)
revealed significant upregulation of MYC signalling and interferon-
alpha signalling in TLS+ tumours (24). Along with studies
investigating TLSs by RNA-seq analysis, studies using public data
to quantify and analyse TLSs have also been conducted. Gene
signatures representing TLSs have been reported. Coppola et al.
discovered a strong correlation between a 12-chemokine gene
signature and the presence of ectopic lymph node-like structures
that were associated with better patient survival outcomes (25). In
addition to TLSs, GC-related gene signatures have also been
employed in TLS-related studies. For example, He et al. used GC
markers to compute GC scores in single-cell RNA sequencing
(scRNA-seq) samples and discovered that in non-small cell lung
cancer, while GC+ TLSs were associated with a significantly lower
risk of recurrence, GC— TLSs showed no prognostic significance (26).
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Here, we comprehensively evaluated the GA H&E-stained
sections that TLSs at different stages of maturation and with
different spatial distributions exhibit varying prognostic value;
particularly, TLSs with GCs and TLSs located in the invasive
margin (IM) were identified as crucial prognostic indicators in GA.
The cellular composition of TLSs was evaluated by multiplex
immunofluorescence (mIF) staining, which revealed that the
frequency of DCs in TLSs with GCs and located in the IM was
significantly increased. Together with the findings from analysis of
public RNA-seq data showing that the DC score was a favourable
prognostic factor in patients with GA with high scores for both TLSs
and GCs, we speculated that there is a potential correlation between
the antitumour immune activation milieu and the abundance of
mature DCs. Finally, GSEA was applied to analyse the unique pattern
of gene expression in TLS+ GA samples, and pathways related to the
maturation and function of DCs were found to be enriched in the
TLS+ group, which again complemented the above findings.

Materials and methods

Public RNA-seq data collection
and preprocessing

The RNA-seq data and matching clinical information of GA
patients were extracted from two independent GA datasets,
GSE62254 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?
acc=GSE62254, n=300) and GSE29272 (https://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE29272, n=126). Samples
without matching survival data were excluded from the analysis.
We employed a published TLS-related gene signature to represent
TLSs (25). CD21, CD23 and CXCL13 were used as the signature
genes to represent GCs (13). The abundances of activated DCs and
other immune cells were also determined using published gene
signatures (27) (Supplementary Table 1). After calculating the
scores of each sample using the single-sample gene set
enrichment analysis (ssGSEA) method, tumour samples with a
low TLS score were classified as TLS-, tumour samples with a
high TLS score were classified as TLS+, and classification and
scoring based on GCs and on DCs and other immune cells were
performed similarly.

Tumour specimens

The discovery cohort consisted of 166 patients who had
undergone surgical resection for GA at FUSCC between 2016 and
2021. The following clinical and biological features were recorded:
age, sex, GA features and follow-up data (e.g., tumour size,
histologic grade, depth of invasion, vascular invasion status,
perineural invasion status, lymphatic metastasis status and distant
metastasis status). The TNM classification system was used to
evaluate the clinical stage of GA (28). None of the patients had
undergone preoperative treatment, 85 patients had been treated
with a postoperative combined regimen of chemotherapy and
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radiotherapy, and 81 patients had been treated with postoperative
chemotherapy. All specimens were collected from patients who
provided informed consent, and our study was approved by The
Research Ethics Committee of FUSCC.

Characterisation and quantification of TLSs

In the present study, TLS evaluation was retrospectively
performed using H&E-stained sections from the FUSCC cohort.
In brief, the tumour tissue sections were independently reviewed by
three pathologists (Hui Sun, Wanjing Cheng, Lei Wang) who were
trained on the TLS scoring system (5) and blinded to the clinical
data, and TLSs were scored using a previously published scale. No
uniform standard was available for the histopathological TLS
scoring system, and TLSs were defined as organised lymphoid
aggregates (21). In brief, TLSs were classified as follows: 1) early
TLSs (E-TLSs): ill-defined clusters of lymphocytes representing the
first stage of TLS development; 2) primary follicle-like TLSs (PFL-
TLSs): follicular dendritic cell (FDC)-containing TLSs without GCs;
and 3) secondary follicle-like TLSs (SFL-TLSs): GC-containing
TLSs. We divided TLSs into two categories according to the GC
status: E-TLSs and PFL-TLSs did not contain GCs, and SFL-TLSs
contained GCs.

To determine the spatial distribution of TLSs, the tumour area
was subdivided into the tumour centre (CT) and the IM (the 2.5 mm-
wide region on each side of the intra- and extratumoural boundaries)
regions according to criteria defined in previous studies (4). Next, all
available complete sections were morphologically analysed for the (i)
number and (ii) density of TLSs. The TLS density was calculated as
the number of TLSs per mm2 in the CT and IM regions. Following
the TLS assessment, a set of TLS scores was obtained that included (i)
the CT-TLS number (CT-TLS-N), which indicated the number of
TLSs in the CT region; (ii) the CT-TLS density (CT-TLS-D), which
was calculated by dividing the CT-TLS number by the area of the CT
region and reflected the distribution and density of TLSs in the CT
region; (iii) the IM-TLS number (IM-TLS-N), which represented the
number of TLSs in the IM region; (iv) the IM-TLS density (IM-TLS-
D), which was calculated by dividing the IM-TLS number by the IM
region and reflected the distribution of TLSs in the IM region; (v) the
TLS-SUM number (Total-TLS-N), which indicated the total number
of TLSs in both the CT and the IM regions; and (vi) the TLS-SUM
density (Total-TLS-D), which was calculated by dividing the TLS-
SUM number by the sum of the areas of the CT and IM regions and
reflected the distribution and density of TLSs in the overall (SUM)
tumour region.

Multiplex immunofluorescence(mlF)

To investigate the cellular composition of TLSs with differences
in maturation and localisation, mIF staining was conducted. For
mlF staining, an anti-CD20, anti-CDS8, anti-DC-LAMP, anti-CD23,
anti-PD1, and anti-Foxp3 antibody panel and an Opal 7-Color
Manual THC Kit (50-slide kit, Perkin Elmer/Akoya, NEL871001KT,
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USA) were used. Before an experiment was started, the tissue slides
were baked for 4 hours at 65°C in an oven. Primary antibodies
specific for the following proteins were used: CD20 (ab78237, 1:100
dilution, Abcam, USA), CD8 (ab237709, 1:500 dilution, Abcam,
USA), DC-LAMP (DDX0191P-100, 1:100 dilution, Dendritics,
France), CD23 (ab92495, 1:200 dilution, Abcam, USA), PD1
(D4W2J, 1:250 dilution, Cell Signaling Technology, USA), and
Foxp3 (D2W8E, 1:100 dilution, Cell Signaling Technology, USA).
The slides were incubated for 60 minutes with the primary antibody
and rinsed three times with TBST buffer for two minutes each prior
to detection using Polymer HRP Ms+Rb for 10 minutes and
incubation with Opal dye (1:75 dilution) for 10 minutes. This
process was repeated for each antibody used for staining. Nuclei
were subsequently visualised by detecting nuclear DNA using 4’,6-
diamidino-2-phenylindole (DAPI). The sections were mounted
with ProLongTMDiamond (IntrogenTM, cat p36970, Thermo
Fisher Scientific Inc., USA).

Image acquisition and quantitative analysis

All immunofluorescence-stained slides were scanned using a
digital slide scanner (Pannoramic MIDI, 3DHISTECH Ltd,
Hungary), and staining was then independently analysed and
quantified by three experienced pathologists using HALO
(v2.2.1870.17, Indica Labs, Albuquerque, NM, USA). The whole
slide scan was performed at 100x magnification, and multispectral
high-power fields were imaged at 200x. To acquire reliable unmixed
images, library slides were created by staining a representative sample
with each of the specific dyes. This spectral library served as a
reference for target quantitation; the intensity of each fluorescent
target was extracted from the multispectral data by linear unmixing.
The software output the total number of cells and the number of,
percentage, and fluorescence intensity of positive cells.

Statistical analysis and visualisation

(https://www.r-project.org/) and GraphPad Prism version 9.0
(GraphPad Software, San Diego, CA, USA). The optimal cut-off
value for continuous variables was determined using the ‘maxstat’ R
package. Survival analysis was performed using the ‘survivall R
package. Survival distributions were compared using the Kaplan
—Meier method and the log-rank test. Univariate and multivariate
analyses were performed using a Cox proportional hazards
regression model. Comparisons between two groups and among
more than two groups were performed by the y2 test, two-tailed
Student’s t test, or one-way ANOVA as appropriate. The correlation
between the percentage of positive cells and the fluorescence
intensity of each marker in positive cells was assessed by Pearson
correlation analysis. A two-sided p value < 0.05 was considered to
indicate statistical significance. GSEA software was used to analyse
pathway enrichment in the TLS+/- groups in both public cohorts.
GSEA plots were generated and optimised using the
‘enrichplot’ package.
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Results

Analysis of RNA-seq data suggests that
TLSs and GCs are favourable prognostic
factors for GA

Public databases were analysed to determine the prognostic
significance of the TLS gene signature. In both the GSE62254 and
GSE29272 datasets, we found that patients with TLS+ samples had
longer overall survival (OS) times than patients with TLS- samples
(GSE 62254, p=0.05; GSE29272, p=1.9¢-3) (Figures 1A, B). This
finding corroborates the conventional understanding of the role of
TLSs as a hub for anti-tumour immunity. As shown in Figures 1C, D,
the TLS+ and TLS- groups were entirely different in terms of the
tumour immune microenvironment (TIME), with the TLS+ group
having higher scores for GCs and almost every kind of immune cell,
including activated DCs. GCs are frequently observed in TLSs.
Spearman correlation analysis of TLS and GC scores revealed that
TLSs were strongly correlated with GCs (GSE62254, r=0.73; p=1.2e-50;
GSE29272, r=0.63, p=4.1e-15) (Figures 1E, F). Moreover, in both
datasets, the TLS+GC+ group had a better prognosis than the
TLS+GC- group did (OS; GSE62254, p=0.02; GSE29272, p=0.03)
(Figures 1G, H), a pattern that was not observed between the
TLS-GC+ and TLS-GC- groups. The TLS+GC+ group was also
shown to have the highest survival probability among all four groups
(TLS+GC+, TLS+GC-, TLS-GC+, TLS-GC-). Collectively, these
findings suggest that the presence of TLSs with GCs but not TLSs
alone is a favourable prognostic factor in patients with GA. Martinez-
Riano et al. thoroughly explained how FDCs, which are located in the
GC, serve as a key source of antigens for GC B cells by presenting
immune complexes (29). This observation prompted us to explore the
correlations among DCs, GCs and TLSs. RNA-seq data analysis
demonstrated a weak correlation between the GC score and the DC
score (Spearman correlation analysis; GSE62254, r=0.33, p=4.8e-9;
GSE29272, r=0.38, p=1.3e-5) (Figures 11, ]J). We also found that the
TLS+GC+DC+ group had a better prognosis than the TLS+GC+DC-
group (OS; GSE62254 p=>5.8¢-6, GSE29272 p=6.8e-3) (Figures 1K, L),
suggesting that DCs are a prognostic factor in TLS+GC+ GA.

Clinicopathological characteristics of
patients and the development of tumour-
associated TLSs through sequential stages
of maturation in GA specimens

After determining the correlation between TLSs and patient
prognosis via RNA-seq data analysis, we next verified these findings
in paraffin-embedded sections from the FUSCC cohort.

A total of 166 patients with stage II and III GA treated with
gastrectomy were included. Among the patients, 101 (61.2%) were
male and 65 were female. The patients’ ages ranged from 23 to 77
years (median, 57 years; mean, 55 years). Overall, 81 patients were
treated with chemotherapy, and 85 patients were treated with a
combination of chemotherapy and radiotherapy after gastrectomy.
None of the patients had undergone preoperative treatment.
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Prognostic value of TLSs, GCs, and DCs and their correlations at the transcriptome level. (A, B) Kaplan—Meier OS analysis with the log-rank test
showed significant differences between the curves of the TLS+ group and TLS- group in the GSE62254 (A) and GSE29272 (B) datasets. (C, D) The
numbers of GCs and infiltration of immune cells were compared between the TLS+ group and the TLS- group in the GSE62254 (C) and GSE29272
(D) datasets by the Wilcoxon rank-sum test. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. (E, F) The rank correlation method was used to examine
the correlation between the TLS score and the GC score in the GSE62254 (E) and GSE29272 (F) datasets; r denotes the Spearman correlation
coefficient. (G, H) Kaplan—Meier OS analysis with the log-rank test showed significant differences among the curves of the TLS-GC- group, TLS-GC
+ group, TLS+GC- group, and TLS- group in the GSE62254 (G) and GSE29272 (H) datasets. (I, J) The rank correlation method was used to examine
the correlation between the GC score and the DC score in the GSE62254 (I) and GSE29272 (J) datasets; r denotes the Spearman correlation
coefficient. (K, L) Kaplan—Meier OS analysis with the log-rank test showed significant differences between the curves of the TLS+GC+DC- group and

the TLS+GC+DC+ group in the GSE62254 (K) and GSE29272 (L) datasets.

We initially assessed the presence of TLSs in H&E-stained
primary GA tissues using full diagnostic assessments of 166
patients from the FUSCC. As shown in Figure 2A, TLSs were
observed in the GA tissues, but there was a spatial distribution of
TLSs in the tumour, the CT and the peritumoural area (i.e., the IM),
and we evaluated the distributions of total TLSs, CT-TLSs (red
arrow), and IM-TLSs (yellow arrow) separately. Database analysis
revealed that patients with high scores for both TLSs and GCs had a
better prognosis. We further classified TLSs into two categories
according to GC status, namely, TLSs with GCs and TLSs without
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GCs. E-TLSs and PFL-TLSs were classified as TLSs without GCs
(Figure 2A), and SFL-TLSs were classified as TLSs with GCs
(Figure 2A), in which centrocytes, centroblasts, and phagocytosis
by macrophages were observed.

How the spatial distribution, maturation, and composition of
tumour-associated TLS in clinical tumour specimens from our
centre influence the prognosis of patients with GA. With these
questions in mind, we comprehensively evaluated the prognostic
value, spatial distribution, maturation, and composition of TLSs in
paraffin-embedded sections of GAs.
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FIGURE 2

Impact of the density, maturation, and spatial distribution of tertiary lymphoid structures on patient survival outcomes. (A) Histological appearance of
tertiary lymphoid structures associated with the invasive margin and the centre of the tumour. Red arrow: TLS in the centre of the tumour. Yellow
arrow:TLS in the invasive margin of the tumour. (B, D) Kaplan—Meier OS analysis with the log-rank test showed significant differences between the
curves of patients stratified by the density of total TLSs (B), total IM-TLSs (C), and total TLSs with GCs (D) (high- density and low- density). (E-G)
Kaplan—Meier analysis of OS (E), DFS (F) and DSS (G) with the log-rank test showed significant differences between the curves of patients stratified
by the density of IM-TLSs with and without GCs (high density and low density). (H) Kaplan—Meier DSS analysis with the log-rank test showed
significant differences between the curves of patients stratified by total TLSs with GCs. Red arrow: TLS in the centre of the tumour. Yellow arrow:

TLS in the invasive margin of the tumour

Prognostic value of TLSs based on density,
maturation, and spatial location in GA
patients from FUSCC

To test the prognostic significance of the TLS density in our cohort,
we defined a threshold for separating patients with high and low TLS
densities with the ‘maxstat’ R package (Supplementary Table 2).
Kaplan-Meier survival analyses revealed that a high density of total
TLSs (p=0.032, Figure 2B) and total TLSs located in the IM (p=0.043,
Figure 2C) were significantly correlated with prolonged OS, while total
TLSs located in the CT were not correlated with prognosis. We also
assessed the maturation stages of TLSs and revealed that a high density

of total TLSs with GCs was significantly correlated with prolonged OS
(p=0.012, Figure 2D) and disease-specific survival (DSS; p=0.021,
Figure 2H), while a high density of TLSs with GCs located in the IM
(IM-TLS with GCs) was significantly correlated with improved OS
(p=0.00024, Figure 2E), DSS(p=0.00036, Figure 2G) and disease-free
survival (DFS; p=0.012, Figure 2F). In addition, the associations of
clinicopathological parameters with OS, DSS and DFS of FUSCC were
listed in Table 1. Among all the significant covariates identified by
univariate analysis, peritoneal metastasis and the density of IM-TLSs
with GCs were found to be independent prognostic factors for both OS
and DFS in multivariate Cox regression analysis. Notably, IM-TLSs
with GCs had a hazard ratio (HR) of <1, suggesting that a high number

TABLE 1 Univariate and multivariate analyses of clinicopathological factors for overall survival and disease free survival in gastric cancer patients from
FUSCC (166 cases).

Variable Overall survival Disease specific survival Disease free survival
Univariate Multivariate = Univariate Multivariate Univariate Multivariate
analysis EREIWS analysis analysis analysis analysis
HR HR HR HR HR HR p? HR p°
(95% (95% (95% (95% (95% (95% (95%
Cl) Cl) ()] Cl) Cl) Cl) Cl)
Age 111 0.70 1.12 0.67 0.81 0.42
(> 55/< 55) (0.65- (0.66- (0.48-
1.89) 1.93) 1.35)
Gender 1.06 0.83 1 0.99 0.77 0.32
(Male/Female) (0.62- (0.58- (0.46-
1.82) 1.73) 1.29)
(Continued)
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TABLE 1 Continued

Variable Overall survival Disease specific survival Disease free survival
Univariate Multivariate = Univariate Multivariate Univariate Multivariate
analysis analysis analysis EREIWAH EREIWAH analysis
HR HR HR HR HR HR p®
(95% (95% (95% (95% (95% (95%
Cl) Cl) Cl) Cl) Cl) Cl)
Location 1.94 0.91 1.84 0.33 2.06 <0.005  2.66 0.003
(Cardia/ (0.52- (0.54- (0.48- (1.29-5.10)
Fundus/Antr) 0.58) 0.6) 0.34)
Tumour mass size 1.78 0.03 1.50 0.157 | 1.78 0.032 1.21 0.544 | 1.11 0.012 1.27 0.395
(2 4.7/< 4.7cm) (1.05- (0.86- (1.04- (0.66- (1.14- (0.73-2.22)
3.00) 2.62) 3.03) 2.22( 3.21)
Lauren 1.04 0.53 1.16 0.421 1.05 0.620
classification (0.72- (0.8- (0.72-
(Intesinal/Diffuse/ 1.51) 1.68) 1.53)
Mixed subtype)
Histologic grade 1.55 0.39 1.14 0.727 1.58 0.378
(Poor, (0.56- (0.55- (0.57-
Undifferented/ 4.29) 2.36) 4.37)
Good, mod)
Tumour depth 3.33 0.032 | 1.02 0.978 | 3.22 0.049 094 0.929 | 3.29 0.034 0.99 0.987
(T3, T4/T1, T2) (1.04- (0.25- (1-10.32) (0.22- (1.03- (0.25- 3.85)
10.65) 4.09) 3.96) 10.52)
Vascular invasion 0.36 0.017 | 138 0.538 | 2.82 0.028  1.58 0386 | 3.7 0.007 2.14 0.233
(Present/Absent) (0.21- (0.50- (1.12- (0.56- (1.33- (0.61-7.44)
0.61) 3.83) 7.12) 4.45) 10.23)
Nervous invasion 2.7 0.027 | 253 0.088 | 2.61 0.041 228 0.143 | 213 0.072 1.72 0.307
(Present/Absent) (1.08- (0.87- (1.04- (0.76- (0.92- (0.61-4.89)
6.78) 7.37) 6.56) 6.86) 4.97)
Lymphatic 1.81 0.027 | 117 0.620 | 1.84 0.028 111 0.729 | 2.55 0.00049  0.98 0.962
metastasis (1.06- (0.63- (1.07- (0.61- (1.48- (0.52-1.87)
(>=10/<10) 3.08) 2.20) 3.17) 2.05) 4.39)
Peritoneal 3.35 0.001 | 2.54 0.003 | 3.58 0 2.92 0.002 | 427 0.000 7.48 <0.001
metastasis (1.92- (1.38- (2.03- (1.48- (2.42- (4.13-13.57)
(Present/Absent) 5.87) 4.70) 6.3) 5.76) 7.51)
PTNM stage 413 0.021 181 0362 | 4.01 0.015 178 0.378 | 3.29 0.005 1.48(0.27- 0.653
(01 +11+1) (1.35- (0.51- (1.31- (0.49- (1.03- 8.14)
12.64) 6.49) 12.28) 6.43) 10.52)
Treatment 0.77 0.37 0.76 0.36 135 0.27
(ChT/CRT) (0.43- (0.42- (0.79-
1.37) 1.37) 2.30)
CT Total TLS 0.65 0.11 1.06 0.85 1.58 0.19
(Low/High) (0.38- (0.56- (0.79-
1.11) 2.03) 3.18)
CT TLS with GC 0.63 0.157 0.7 0.223 0.79 0.46
(Low/High) (0.33- (0.39- (0.42-
1.19) 1.24) 1.49)
IM Total TLS 0.53 0.044 | 093 0.834 | 0.64 0.10 0.77 0.312
(Low/High) (0.29- (0.46- (0.37- (0.46-
0.99) 1.86) 1.09) 1.28)
IM TLS with GC 0.39 <0.005 = 0.41 0.003 | 0.39 <0.001  0.52 0.041 | 0.51 0.012 0.55 0.049
(Low/High) (0.23- (0.23- (0.23- (0.28- (0.30- (0.30-1.00)
0.65) 0.75) 0.67) 0.97) 0.87)
(Continued)
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TABLE 1 Continued

Variable Overall survival
Univariate Multivariate = Univariate
analysis EEIWAH analysis
HR HR HR
(95% (95% (95%
Cl) Cl) Cl)
Total TLS 0.56 0.035 | 076 0.395 | 0.7(0.4- 0.21
(Low/High) (0.33- (0.41- 1.22)
0.96) 1.42)
Total TLS with GC = 0.58 0.044 | 0.64 0214 | 049 0.024
(Low/High) (0.34- (0.32- (0.27-
0.99) 1.29) 0.91)

Disease specific survival

10.3389/fimmu.2024.1396808

Disease free survival

Multivariate Univariate Multivariate
EEIWHH analysis analysis
HR HR HR p® HR
(95% (95% (95%
Cl) Cl) Cl)
0.79 0.69
(0.51-
1.38)
0.76 0473 053 0.068
(0.36- (0.30-
1.61) 1.00)

HR, Hazard ratio; CI, confidence interval; “All statistical tests were 2-sided. Significance level: p < 0.05. The bold values represent p<0.05.

of IM-TLSs with GCs had a protective effect on OS and DFS (HR =
0.41, 95% confidence interval [CI]: 0.23-0.75, p = 0.003; HR = 0.55,
95% CI: 0.30-1.00, p = 0.049].

Having determined the prognostic value of IM-TLSs with GCs in
FUSCC cohort, the correlations between IM-TLSs with GCs and
clinicopathological characteristics were further explored. As shown in
Table 2, the density of IM-TLSs with GCs in GA patients was correlated
with histologic grade (P=0.0001), depth of tumour invasion (P=0.0469),
and peritoneal metastasis (P=0.0458). The rates of poor or
undifferentiated tumours and peritoneal metastasis in the group of
GA patients with a high density of IM-TLSs with GCs were 9.1% and
13.9%, respectively, which were much lower than those in the low-
density group of GA patients (90.9% and 72.7%, respectively).

In summary, our study revealed that the spatial arrangement
and maturation of TLSs were significantly correlated with the
prognosis of patients with GA. Moreover, the abundance of
tumour TLSs was an effective predictor of a favourable prognosis
in patients with GA. Furthermore, the proportion of IM-TLSs with
GCs showed a stronger association with recurrence and metastasis
risk than did the total TLS density. Our data also showed that a high
density of IM-TLSs in patients with GC was positively associated
with high tumour histologic grade, high tumour invasion depth,
and peritoneal metastasis in patients with GA. Thus, IM-TLSs with
GCs in patients with GA can be considered a crucial
clinicopathological parameter and a strong prognostic indicator.

IM-TLSs with GC-high tumours exhibit
robust DC-LAMP+ cell and PD-1+CD20+
B-cell infiltration and weak FOXP3+CD8+
Treg cell infiltration

To explore the mechanisms underlying the prognostic value of
TLSs in the immune microenvironment of GA, we investigated the
components of TLSs. To this end, we developed a 6-colour mIF panel
that enabled simultaneous detection of CD8+ T cells, CD20+ B cells,
CD23+ GC B cells, DC-LAMP+ mature DCs, PD-1+ cells,
CD20+FOXP3+ cells, and Foxp3+ Tregs. The panel was applied to
whole sections of 12 GA tumours. Six prominent immune subsets
were identified by mIF staining (Figure 3). The distributions of these
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subsets were significantly different between TLSs and the tumour
stroma. The percentages of Foxp3+ Treg cells, CD23+ GC B cells,
DC-LAMP+ mature DCs, CD20+ B cells, CD8+ T cells, PD-1+ cells
and CD20+ FOXP3+ cells were significantly greater in TLSs than in
the tumour stroma (Figures 4A-G). However, there were no
significant differences in the distributions of other subsets, except
for CD20+ B cells, between IM-TLSs and CT-TLSs. The percentage of
CD20+ B cells located in CT-TLSs was greater than that in IM-TLSs
or total TLSs (IM-TLSs, p<0.0007; CT-TLSs, p<0.0003; Figure 4D).
To further explore the mechanisms underlying the prognostic
value of IM-TLSs in patients with GC, we compared the differences
in the above immune components among IM-TLSs, CT-TLSs, and
total TLSs with or without GCs. We evaluated the presence of GCs
in TLSs by staining for CD23 in serial sections (Figure 3D). First,
the percentages of CD20+ (IM-TLSs with GCs: p<0.0001, CT-TLSs
with GCs: p<0.0001, total TLSs with GCs: p<0.0001; Figure 5A) and
CD23+ GC B cells (p<0.0001, p<0.0001, p<0.0001, Figure 5B) and
DC-LAMP+ mature DCs (p=0.0003, p<0.0001, p=0.0084,
Figure 5C) were significantly greater in TLSs with GCs, including
IM-TLSs with GCs, CT-TLSs with GCs and total TLSs with GCs,
compared with the corresponding tumour TLSs without GCs.
Among TLSs with GCs, the frequency of DC-LAMP+ DCs in IM-
TLSs with GCs was significantly greater than that in either total
TLSs or CT-TLSs with GCs (p=0.0029, p=0.01; Figure 5C). The
above results indicated that there is a potential correlation between
the tumour immune activation milieu and the DC-LAMP+ DC
abundance in IM-TLSs. Second, within IM-TLSs, the percentage of
CD8+ T cells decreased in parallel with the GC abundance
(p=0.0043, Figure 5D). Third, within total and CT-TLSs, the
percentage of PD-1+ cells increased in parallel with the GC
abundance (p=0.0014, p=0.0412, Figure 5E). Notably, compared
with that in IM-TLSs without GCs, the percentage of PD-1+ cells
was increased in IM-TLSs with GCs, although the difference was not
statistically significant. The above results prompted us to focus
more strongly on DC-LAMP+ DCs, CD8+ T cells, and PD-1+ cells.
To study the possible coinfiltration patterns of TLSs across
different tumour regions, we performed hierarchical clustering of all
acquired tumour and stromal tissues and TLSs with or without GCs,
stratified by the frequencies of CD8+ PD1+ T cells, FOXP3+CD8+
T cells, PD-1+CD20+ B cells, and PD1+FOXP3+ Treg cells. We
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TABLE 2 Association Between the Density of TLSs with GC located in IM
and Clinicopathological Parameters in patients with GA from FUSCC
(166 cases).

Variables IM TLS with GC P value
Low High
(n=44) (n=122)
Age
<55 15 56 0.1746
>55 29 66
Gender
Male 24 77 0.3181
Female 20 45
Tumour Location
Cardia, Proximal or Fundus 17 54 0.5179
Body, Antrum or Distal 27 68
Tumour size
<4.7 cm 26 75 0.7812
> 4.7 cm 18 47
Differentiation
Good or moderate 4 111 0.0001*
Poor or undifferentiated 40 11
Lauren classification
Intestinal 5 27 0.5587
Diffuse 21 52
mixed 16 37
Vascular invasion
Absent 6 21 0.5815
Present 38 101
Nervous invasion
Absent 4 25 0.1070
Present 40 97
Tumour invasion depth
T1+2 2 20 0.0469*
T3 + 4 42 102
Lymphatic metastasis
Absent 0 2 0.999
Present 44 120
Peritoneal metastasis
Absent 32 105 0.0458*
Present 12 17
(Continued)
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TABLE 2 Continued

Variables IM TLS with GC P value
Low High
(n=44) (n=122)
pTNM stage
+11 ‘ 3 ‘ 22 ‘ 0.0746
IV 41 ‘ 100 ‘

*Significance level: p < 0.05. The bold values represent p<0.05.

found that (1) these subsets predominantly infiltrated the stroma at
a low frequency (p<0.0001, p<0.0001, p<0.0001; Supplementary
Figure 1); (2) compared with that in TLSs without GCs, the
percentage of PD1+CD20+ B cells was increased in TLSs with
GCs (Figure 5F; CT-TLSs with GCs vs. CT-TLSs without GCs,
p=0.0135; IM-TLSs with GCs vs. IM-TLSs without GCs, p=0.1311);
(3) the percentage of CD8+ FOXP3+ Treg cells was significantly
lower in IM-TLSs with GCs than in IM-TLSs without GCs
(p=0.0379, Figure 5G); and (4) the proportions of PD1+CD8+ T
cells and PD1+FOXP3+ Treg cells did not differ among TLSs with
different distributions and maturity statuses (Figures 5H, I).
Notably, B cells in the GCs of TLSs, rather than CD8+ T cells or
FOXP3+ Treg cells, highly expressed PD1 (p<0.0001, Figure 5]).
Taken together, these findings indicate that IM-TLSs with GCs in
GA are associated with increased infiltration of DC-LAMP+ DCs
and decreased infiltration of CD8+ Tregs. In addition, PD1 is highly
expressed in B cells in TLSs with GCs.

Gene signature enrichment analysis

To further explore the role of TLSs in antitumour immunity, we
performed GSEA to compare the TLS+ group and TLS- group. In
the GSE62254 dataset, 1490 pathways were enriched (p<0.05,
q<0.25) in the TLS+ group compared with the TLS- group
(Supplementary Table 3), and in the GSE29272 dataset, 1004
pathways were enriched in the TLS+ group (Supplementary
Table 4). A total of 746 pathways were enriched in both datasets,
among which many were immune-related pathways, including but
not limited to gene sets involved in DC maturation, antigen
processing and presentation, and the IL12 pathway (Figure 6).

Discussion

The molecular subtyping of cancer plays an important role in
predicting tumour outcomes and guiding tumour treatment. However,
to date, molecular subtyping has not replaced the traditional method
for classification of cancer, which is performed by pathologists based
on histological appearance. In contrast, the evaluation of pathological
parameters based on tumour histological morphology has recently
become a focus because this method is easy to perform and imposes
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Single-channel and dual-channel images of mIF staining in tertiary lymphoid structures. Images of TLSs showing CD20 (A), CD8 (B), FOXP3 (C),
CD23 (D), DC-LAMP (E), and PD-1 (F) expression; merged images (G); and CD20+PD1+ (H) and FOXP3+CD8+ cells (I). FFPE sections of GC tissues
were stained for CD20, CD8, FOXP3, CD23, DC-LAMP, and PD-1. Images were acquired using virtual microscopy and a Pannoramic scanner

(Pannoramic MIDI, 3DHISTECH Ltd, Hungary)

only a small financial burden on medical systems. For instance,
tumour budding is defined as the presence of single cells or clusters
of up to four cells at the IM of CRC tumours (30), and it has been
proven to be a well-established independent prognostic factor for
lymph node metastasis and survival (31). Similarly, TLSs could also be
an element for evaluation in the clinical setting. Although TLSs have
specific morphological characteristics and are relatively small in size,
their functions in the local microenvironment are important for both
cellular and humoral immune responses directed against neoplastic
cells, and they have been demonstrated to be a prognostic factor in
many solid tumours and to be a predictor of treatment efficacy in
melanoma and lung cancer (32-34).

To evaluate whether TLSs could serve as prognostic indicators
in GA, as observed for other solid tumours, we used public RNA-
seq data to calculate the TLS score using published gene signatures.
Notably, TLSs were found to be a favourable prognostic factor in
patients with GA. Next, an evaluation of the TIME was performed,
showing that the TLS+ group had higher scores for the GCs and
almost every type of immune cell, including activated DCs. Since
GCs are frequently observed in TLSs and studies have shown that
GCs are associated with a longer survival time in other types of
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cancers (24, 26), we sought to confirm this finding in gastric cancer
at the transcriptome level. The TLS+GC+ group had a better
prognosis than the TLS+GC- group, while the TLS-GC+ group
did not have a better prognosis than the TLS-GC- group, indicating
that GCs are likely to be a favourable prognostic factor in TLS+ GA.
We also found that the DC scores were positively correlated with
the GC scores in the GA database. The TLS+GC+DC+ group had a
longer survival time than the TLS+GC+DC- group, indicating that
DCs are likely to be a favourable prognostic factor in TLS+GC+ GA.
However, traditional bulk RNA-seq analysis reflects gene
expression at the transcriptional level in tumours and does not
consider the morphology and location of TLSs; thus, further
validation is needed in real-world tumour specimens.

By analysis of the FUSCC GA cohort, we revealed the complex
role of TLSs based on their density and spatial location in patients
with GA. We found that high densities of total TLSs and total IM-
TLSs were significantly correlated with prolonged OS, while total
CT TLSs were not correlated with prognosis. We also assessed the
maturation stages of TLSs and revealed that the abundance of IM-
TLSs with GCs was an effective predictor of favourable OS and DFS
in patients with GA. In addition, the density of IM-TLSs with GCs
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Evaluation of FOXP3, CD23, DC-LAMP, CD20, CD8 and PD-1 expression in tertiary lymphoid structures and the stroma. The scatter plot shows that
the percentages of Foxp3+ Treg cells (A), CD23+ GC B cells (B), DC-LAMP+ mature DCs (C), CD20+ B cells (D), CD8+ T cells (E) and PD-1+ cells (F)
and CD20" Foxp3™ cells (G) were significantly greater in TLSs than in the tumour stroma in the indicated tissue samples. Moreover, the percentage
of CD20+ B cells located in CT-TLSs was greater than that in either IM-TLSs or total TLSs (D). Data comparisons among the groups were performed

using one-way ANOVA

in the FUSCC GA cohort was correlated with histologic grade,
depth of tumour invasion and peritoneal metastasis status. The
density of IM-TLSs with GCs and the peritoneal metastasis status
were independently associated with OS and DFS. As found in the
current study and previous studies, TLSs with different spatial
locations and maturity statuses have different functions (5, 15). Li
et al. reported that compared with intratumoural TLSs,
peritumoural TLSs were associated with a lower risk of cancer
recurrence and more favourable outcomes in patients with HCC
(35). He et al. also reported that IM-TLSs were associated with a
longer OS time in patients with GA (36). Moreover, Posch. et al.
reported that the presence of at least one GC-harbouring TLS was
associated with a much lower risk of CRC recurrence (15). These
authors proposed that TLSs with a GC reaction represent the most
“functional” subtype of TLSs and that the presence of GC+ TLSs
also reflects an immunogenic TME. Therefore, not only the number
but also the distribution and maturation dynamics of TLSs provide
prognostic information, yet the underlying mechanism
remains unclear.
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Herein, we found that compared to that in tumour TLSs
without GCs, the frequency of DC-LAMP+ mature DCs was
significantly greater in TLSs with GCs. The frequency of DC-
LAMP+ mature DCs in IM-TLSs with GCs was significantly
greater than that in total TLSs or CT-TLSs with GCs. The above
results indicated that there is a potential correlation between the
tumour immune activation milieu and the abundance of DCs in
IM-TLSs. DCs are specialised antigen-presenting cells that can be
found in the paracortical area of the lymph nodes, where they
promote the activation of naive T lymphocytes. Studies have shown
that CD83+ DCs (equivalent to DC-LAMP+ DCs) are distributed
predominantly in the IM of the tumour stroma and are tightly
attached to B-cell lymphoid follicles resembling GCs (37).
Furthermore, in primary melanoma, a high density of DC-LAMP
+ mature DCs within lymphoid aggregates was found to be
associated with strong infiltration of activated T cells and a
significantly increased DFS rate (38). Therefore, we speculated
that IM-TLSs containing DC-LAMP+ mature DCs were released
in a mature and activating state and could promote the antitumour
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FIGURE 5
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Evaluation of FOXP3, CD23, DC-LAMP, CD20, CD8 and PD-1 expression and possible coinfiltration patterns in tertiary lymphoid structures with or
without GCs. (A, B) The scatter plot shows that the percentages of CD20+ (A) and CD23+ (B) cells were significantly greater in TLSs with GCs than
in those without GCs. (C) The scatter plot shows that the percentage of DC-LAMP+ DCs was significantly greater in TLSs with GCs than in TLSs
without GCs. Among the TLSs with GCs, the frequency of DC-LAMP+ DCs in IM-TLSs with GCs was significantly greater than that in either total TLSs
or CT-TLSs with GCs. (D) The scatter plot shows that the percentage of CD8+ T cells in IM-TLSs decreased in parallel with the GC abundance in IM-
TLSs. (E) The scatter plot shows that the percentage of PD-1+ cells increased in parallel with the GC abundance in total TLSs and CT-TLSs;

(F) The scatter plot shows that the percentage of PD1+CD20+ B cells was greater in TLSs with GCs than in TLSs without GCs. (G) The scatter plot
shows that the percentage of CD8+ FOXP3+ Treg cells was significantly lower in IM-TLSs with GCs than in IM-TLSs without GCs. (H, 1) There was
no difference in the proportion of PD-1+CD8+ T cells or PD-1+FOXP3+ Treg cells among TLSs with different distributions and maturity statuses.

(J) The scatter plot shows that B cells in the GCs of TLSs, rather than CD8+ T cells or FOXP3+ Treg cells, highly expressed PD1.
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GSEA revealed enriched pathways involved in the function and maturation of DCs in the TLS+ group. (A, B) GSEA results showing the enrichment of
pathways involved in antigen processing and presentation in both datasets; (C, D) GSEA results showing the enrichment of the IL12 pathway in both
datasets. (E-J) GSEA results showing the enrichment of pathways related to DC maturation in both datasets.

immune functions of IM-TLSs and, moreover, that the high
abundance of mature DCs within TLSs may constitute the basis
for the favourable prognostic impact. Our GSEA revealed that a low
TLS score was associated with a relatively “cold” TIME, while a high
TLS score indicated a more active TIME. We found the enrichment
of a notable number of DC-related functions and pathways in the
TLS+ group. DCs promote immunity by presenting antigens to T
cells through cell—cell contacts and cytokines and play a central role
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in antigen-specific immunity (39). We found that pathways
including but not limited to antigen processing and presentation,
the IL-12 pathway, and DC maturation were highly enriched in the
TLS+ group, suggesting that DCs likely contribute to the favourable
prognostic impact of TLSs.

Moreover, within IM-TLSs, the percentage of CD8+ T cells
decreased in parallel with the GC abundance. The IM is generally
considered the frontline of the tumour-host interaction. Previous
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results indicate that the CD8+ cell density in the IM correlates with
a favourable clinical outcome in CRC (40), whereas the opposite
conclusion was reached for breast cancer (41); however, currently, it
is not known whether the opposite predictive direction is due to
migratory processes induced by locally secreted factors or
architectural barriers capturing these cells in the tumour
compartments or because functional CD8+ T cells account for
only a small portion of the total CD8+ T cell population.

We also noted significant enrichment of PD-1+ cells in TLSs
with GCs compared with that in the counterpart TLSs without
GCs. Programmed death-1 (PD-1) is reported to be expressed
mainly on functionally “exhausted” CD8+ T cells, dampening the
host antitumour immune response (42). We found that B cells in
the GCs of TLSs, rather than CD8+ T cells or FOXP3+ Treg cells,
highly expressed PD1. PD-1 is involved in the negative regulation
of T-cell activation. The role of PD-1 in T cell activation is well
established, but its role in B cell activation has not been well
studied. Previous studies have shown that B cells are a predictor of
the response to anti-PD-1 inhibitor therapy in several types of
cancer (43). PD-1 expressed in B cells is also a target of anti-PD-1
blockade therapy. Disruption of the PD-1-PD-LI interaction
increases B-cell activation, proliferation and cytokine
production, which might be why anti-PD-1/PD-L1 inhibitors
can exhibit effectiveness in some tumours with few PD-1+ T
cells (44). In immature TLSs, B cells might acquire
immunosuppressive functions, whereas B cells in mature TLSs
can undergo maturation, selection, amplification, somatic
hypermutation and affinity maturation, and immunoglobulin
class switching, leading to the production of plasma cells that
secrete IgG or IgA (45). Therefore, we speculate that plasma cells
generated in situ within mature TLSs can produce antibodies that
target specific tumour-associated antigens.

Overall, our findings indicate that the distinct cellular
composition of TLSs within and around tumours may determine
their pro- or antitumour effects. We also found that compared to
that in TLSs without GCs, the proportion of FOXP3+CD8+ Treg
cells was significantly lower in IM-TLSs with GCs, suggesting a
potential connection between IM-TLSs and the intratumoural
immunosuppressive milieu. As a potent regulatory population,
CD8+Foxp3+ T cells have a transcriptional profile and
suppressive function similar to those of CD4+ Tregs and distinct
from those of conventional CD8+ T cells (46). CD8+Foxp3+ T cells
have been reported to play a role in several pathological and
physiological processes, including cell death, necrosis, and
apoptosis; viral infection; and immune cell proliferation (46).
CD8+FoxP3+ T cells were also previously described as CD8+
Tregs with immunosuppressive functions in tumours (47). CD8
+Foxp3+ T cells may perform a unique function in regulating B-cell
responses. For example, CD8+ Treg cells have been found to
suppress B-cell proliferation and immunoglobulin production (48).

In summary, the work presented here extends the present
knowledge in the following ways: (1) public RNA-seq datasets
were analysed to evaluate the prognostic roles of TLSs, GCs and
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DCs; (2) a novel scoring system was established to quantify the
abundance and evaluate the spatial distribution of TLSs; (3) a
sequential process of maturation of TLSs in GA was discovered;
(4) the prognostic value of TLSs and their correlations with
clinicopathological parameters were assessed; and (5) the different
cellular components of TLSs were identified, and their relationships
with GCs were studied. However, the primary limitation of our
study is that it was a single-centre retrospective study with a
relatively small sample size, supplemented by analysis of public
bulk RNA-seq data. Validation of our results in prospective and
larger cohort studies would be beneficial. In addition, traditional
bulk RNA-seq analysis reflects the gene expression level in the CT,
neglecting the potential for the IM of the tumour to convey more
information since it is the frontline of the tumour-host interaction.
However, by evaluation of H&E-stained sections, the spatial
variance could be assessed accurately and analysed. Furthermore,
scRNA-seq technology has advanced greatly in recent years, and
combining this approach with bench studies will certainly improve
the comprehensiveness of future research. In addition, to our
knowledge, this is the first report regarding the study of the
maturation stage of TLSs and how TLS maturity affects prognosis
in patients with GA. Our findings provide a basis for future
investigations on the formation and development of TLSs in GA
and for the development of possible precision therapies
exploiting TLSs.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by The Research
Ethics Committee of FUSCC. The studies were conducted in
accordance with the local legislation and institutional
requirements. The human samples used in this study were
acquired from primarily isolated as part of your previous study
for which ethical approval was obtained. Written informed consent
for participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

Author contributions

HS: Writing - original draft, Formal analysis, Data curation. YL:
Writing — original draft. WC: Writing - original draft. RX: Writing
- original draft, Data curation. WG: Writing — original draft,
Formal analysis. XZ: Writing - original draft, Methodology. XiW:
Writing - original draft, Data curation. XuW: Writing - original

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1396808
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Sun et al.

draft, Formal analysis. CT: Writing - original draft, Project
administration. WW: Writing - original draft, Investigation. MZ:
Writing — original draft, Methodology. SN: Writing - original draft,
Formal analysis, Data curation. DH: Writing - original draft, Data
curation. MX: Writing — original draft, Project administration. WS:
Writing - review & editing. LW: Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by National Natural Science Foundation of China
(82172702, 82273370, 82202899, 81972249, 81902430), Shanghai
Pujiang Programme (23PJD-015), Natural Science Foundation of
Shanghai (21ZR1414900, 22ZR1413000), Shanghai Clinical Science
and Technology Innovation Project of Municipal Hospital
(SHDC12020102), Clinical Research Project of Shanghai
Shenkang Hospital Development Center (SHDC2020CR4068),
Artificial Intelligence Medical Hospital Cooperation Project of
Xuhui District (2021-017).

References

1. Sung H FJ, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global
Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide
for 36 Cancers in 185 Countries. CA Cancer J Clin. (2021) 1:209-49. doi: 10.3322/
caac.21660

2. Choi YY CJ, Noh SH. Advanced gastric cancer: is chemotherapy needed after surgery?
Expert Rev Gastroenterol Hepatol. (2013) 7:673-5. doi: 10.1586/17474124.2013.841542

3. Derks S, de Klerk LK, Xu X, Fleitas T, Liu KX, Liu Y, et al. Characterizing diversity
in the tumor-immune microenvironment of distinct sub classes of gastroesophageal
adenocarcinomas. Ann Oncol. (2020) 31:1011-20. doi: 10.1016/j.annonc.2020.04.011

4. Zhang D, He W, Wu C, Tan Y, He Y, Xu B, et al. Scoring System for Tumor-
Infiltrating Lymphocytes and Its Prognostic Value for Gastric Cancer. Front Immunol.
(2019) 10:71. doi: 10.3389/fimmu.2019.00071

5. Calderaro J PF, Becht E, Laurent A, Hirsch TZ. Intra-tumoral tertiary lymphoid
structures are associated with a low risk of early recurrence of hepatocellular
carcinoma. J Hepatol. (2019) 70:58-65. doi: 10.1016/j.jhep.2018.09.003

6. Sautes-Fridman C, Petitprez F, Calderaro J, Fridman WH. Tertiary lymphoid
structures in the era of cancer immunotherapy. Nat Rev Cancer. (2019) 19:307-25.
doi: 10.1038/s41568-019-0144-6

7. Schumacher TN, Thommen DS. Tertiary lymphoid structures in cancer. Science.
(2022) 375:eabf9419. doi: 10.1126/science.abf9419

8. Fridman WH PF, Sautes-Fridman C, Galon J. The immune contexture in human
tumours: impact on clinical outcome. Nat Rev Cancer. (2012) 12:298-306. doi: 10.1038/
nrc3245

9. Silina K RU, Kalnina Z, Line A. Manipulation of tumour-infiltrating B cells and
tertiary lymphoid structures: a novel anti-cancer treatment avenue? Cancer Immunol
Immunother. (2014) 63:643-62. doi: 10.1007/s00262-014-1544-9

10. Hiraoka N 1Y, Yamazaki-Itoh R. Tertiary lymphoid organs in cancer tissues.
Front Immunol. (2016) 7:244. doi: 10.3389/fimmu.2016.00244

11. Goc J, Germain C, Vo-Bourgais TK, Lupo A, Klein C, Knockaert S, et al.
Dendritic cells in tumor-associated tertiary lymphoid structures signal a Th1 cytotoxic
immune contexture and license the positive prognostic value of infiltrating CD8p T
cells. Cancer Res. (2014) 74:705-15. doi: 10.1158/0008-5472.CAN-13-1342

12. Germain C GS, Tamzalit F, Knockaert S, Remark R, Goc J. Presence of B cells in
tertiary lymphoid structures is associated with a protective immunity in patients with lung
cancer. Am J Respir Crit Care Med. (2014) 189:832-44. doi: 10.1164/rccm.201309-16110C

13. Silina K SA, Attar FM, Casanova R, Uckeley ZM, Thut H, Wandres M, et al.
Germinal Centers Determine the Prognostic Relevance of Tertiary Lymphoid
Structures and Are Impaired by Corticosteroids in Lung Squamous Cell Carcinoma.
Cancer Res. (2018) 78:1308-20. doi: 10.1158/0008-5472.CAN-17-1987

Frontiers in Immunology

14

10.3389/fimmu.2024.1396808

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.
1396808/full#supplementary-material

14. Wada Y NO, Kutami R, Yamamoto O, Kojiro M. Clinicopathological study on
hepatocellular carcinoma with lymphocytic infiltration. Hepatology. (1998) 27:407-14.
doi: 10.1002/(ISSN)1527-3350

15. Posch F SK, Leibl S, Miindlein A, Moch H, Siebenhiiner A, Samaras P, et al.
Maturation of tertiary lymphoid structures and recurrence of stage IT and III colorectal
cancer. Oncoimmunology. (2017) 7:¢1378844. doi: 10.1080/2162402X.2017.1378844

16. Sakimura C, Tanaka H, Okuno T, Hiramatsu S, Muguruma K, Hirakawa K, et al.
B cells in tertiary lymphoid structures are associated with favorable prognosis in gastric
cancer. J Surg Res. (2017) 215:74-82. doi: 10.1016/j.jss.2017.03.033

17. Yamakoshi Y, Tanaka H, Sakimura C, Deguchi S, Mori T, Tamura T, et al.
Immunological potential of tertiary lymphoid structures surrounding the primary
tumor in gastric cancer. Int ] Oncol. (2020) 57:171-82. doi: 10.3892/ijo

18. Li Q, Zhang D, He W, Chen T, Yan Z, Gao X, et al. CD8(+) T cells located in
tertiary lymphoid structures are associated with improved prognosis in patients with
gastric cancer. Oncol letters. (2020) 20:2655-64. doi: 10.3892/0l

19. Yin YX, Ling YH, Wei XL, He CY, Wang BZ, Hu CF, et al. Impact of mature
tertiary lymphoid structures on prognosis and therapeutic response of Epstein-Barr
virus-associated gastric cancer patients. Front Immunol. (2022) 13:973085.
doi: 10.3389/fimmu.2022.973085

20. Jia X, Guo T, Li Z, Zhang M, Feng Y, Dong B, et al. Clinicopathological and
Immunomicroenvironment Characteristics of Epstein-Barr Virus-Associated Gastric Cancer
in a Chinese Population. Front Oncol. (2020) 10:586752. doi: 10.3389/fonc.2020.586752

21. Ding GY M]J, Yun JP, Chen X, Ling Y, Zhang S, Shi JY, et al. Distribution and
density of tertiary lymphoid structures predict clinical outcome in intrahepatic
cholangiocarcinoma. ] Hepatol. (2022) 76:608-18. doi: 10.1016/j.jhep.2021.10.030

22. Gu-Trantien C, Loi S, Garaud S, Equeter C, Libin M, de Wind A, et al. CD4(+)
follicular helper T cell infiltration predicts breast cancer survival. J Clin Invest. (2013)
123:2873-92. doi: 10.1172/JC167428

23. Jia W, Yao Q, Wang Y, Mao Z, Zhang T, Li ], et al. Protective effect of tertiary
lymphoid structures against hepatocellular carcinoma: New findings from a genetic
perspective. Front Immunol. (2022) 13:1007426. doi: 10.3389/fimmu.2022.1007426

24. JG A, Rajamanickam V, Bui C, Bernard B, Pucilowska J, Ballesteros-Merino C,
et al. Germinal center reactions in tertiary lymphoid structures associate with
neoantigen burden, humoral immunity and long-term survivorship in pancreatic
cancer. Oncoimmunology. (2021) 10:1900635. doi: 10.1080/2162402X.2021.1900635

25. Coppola D, Nebozhyn M, Khalil F, Dai H, Yeatman T, Loboda A, et al. Unique
ectopic lymph node-like structures present in human primary colorectal carcinoma are
identified by immune gene array profiling. Am ] pathology. (2011) 179:37-45.
doi: 10.1016/j.ajpath.2011.03.007

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1396808/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1396808/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1586/17474124.2013.841542
https://doi.org/10.1016/j.annonc.2020.04.011
https://doi.org/10.3389/fimmu.2019.00071
https://doi.org/10.1016/j.jhep.2018.09.003
https://doi.org/10.1038/s41568-019-0144-6
https://doi.org/10.1126/science.abf9419
https://doi.org/10.1038/nrc3245
https://doi.org/10.1038/nrc3245
https://doi.org/10.1007/s00262-014-1544-9
https://doi.org/10.3389/fimmu.2016.00244
https://doi.org/10.1158/0008-5472.CAN-13-1342
https://doi.org/10.1164/rccm.201309-1611OC
https://doi.org/10.1158/0008-5472.CAN-17-1987
https://doi.org/10.1002/(ISSN)1527-3350
https://doi.org/10.1080/2162402X.2017.1378844
https://doi.org/10.1016/j.jss.2017.03.033
https://doi.org/10.3892/ijo
https://doi.org/10.3892/ol
https://doi.org/10.3389/fimmu.2022.973085
https://doi.org/10.3389/fonc.2020.586752
https://doi.org/10.1016/j.jhep.2021.10.030
https://doi.org/10.1172/JCI67428
https://doi.org/10.3389/fimmu.2022.1007426
https://doi.org/10.1080/2162402X.2021.1900635
https://doi.org/10.1016/j.ajpath.2011.03.007
https://doi.org/10.3389/fimmu.2024.1396808
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Sun et al.

26. He M, He Q, Cai X, Liu J, Deng H, Li F, et al. Intratumoral tertiary lymphoid
structure (TLS) maturation is influenced by draining lymph nodes of lung cancer. J
immunotherapy Cancer. (2023) 11:€005539. doi: 10.1136/jitc-2022-005539

27. GuW, Kim M, Wang L, Yang Z, Nakajima T, Tsushima Y. Multi-omics Analysis
of Ferroptosis Regulation Patterns and Characterization of Tumor Microenvironment
in Patients with Oral Squamous Cell Carcinoma. Int J Biol Sci. (2021) 17:3476-92.
doi: 10.7150/ijb5461441

28. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland RK,
et al. The eighth edition AJCC cancer staging manual: continuing to build a bridge from
a population-based to a more “personalized” approach to cancer staging. CA Cancer |
Clin. (2017) 67:93-9. doi: 10.3322/caac.21388

29. Martinez-Riafio A, Wang S, Boeing S, Minoughan S, Casal A, Spillane KM, et al.
Long-term retention of antigens in germinal centers is controlled by the spatial
organization of the follicular dendritic cell network. Nat Immunol. (2023) 24:1281-
94. doi: 10.1038/541590-023-01559-1

30. Ueno H, Murphy J, Jass JR, Mochizuki H, Talbot IC. Tumour 'budding’ as an
index to estimate the potential of aggressiveness in rectal cancer. Histopathology. (2002)
40:127-32. doi: 10.1046/j.1365-2559.2002.01324.x

31. Lugli A, Karamitopoulou E, Zlobec I. Tumour budding: a promising parameter
in colorectal cancer. Br J cancer. (2012) 106:1713-7. doi: 10.1038/bjc.2012.127

32. Cabrita R, Lauss M, Sanna A, Donia M, Skaarup Larsen M, Mitra S, et al. Tertiary
lymphoid structures improve immunotherapy and survival in melanoma. Nature.
(2020) 577:561-5. doi: 10.1038/s41586-019-1914-8

33. Thommen DS, Koelzer VH, Herzig P, Roller A, Trefny M, Dimeloe S, et al. A
transcriptionally and functionally distinct PD-1(+) CD8(+) T cell pool with predictive
potential in non-small-cell lung cancer treated with PD-1 blockade. Nat Med. (2018)
24:994-1004. doi: 10.1038/s41591-018-0057-z

34. Griss J, Bauer W, Wagner C, Simon M, Chen M, Grabmeier-Pfistershammer K, et al.
B cells sustain inflammation and predict response to immune checkpoint blockade in human
melanoma. Nat Commun. (2019) 10:4186. doi: 10.1038/s41467-019-12160-2

35. LiH, LiuH, Fu H, Li ], Xu L, Wang G, et al. Peritumoral Tertiary Lymphoid Structures
Correlate With Protective Immunity and Improved Prognosis in Patients With Hepatocellular
Carcinoma. Front Immunol. (2021) 12:648812. doi: 10.3389/fimmu.2021.648812

36. He W, Zhang D, Liu H, Chen T, Xie ], Peng L, et al. The High Level of Tertiary
Lymphoid Structure Is Correlated With Superior Survival in Patients With Advanced
Gastric Cancer. Front Oncol. (2020) 10:980. doi: 10.3389/fonc.2020.00980

37. Suzuki A, Masuda A, Nagata H, Kameoka S, Kikawada Y, Yamakawa M, et al.
Mature dendritic cells make clusters with T cells in the invasive margin of colorectal
carcinoma. J pathology. (2002) 196:37-43. doi: 10.1002/path.1018

Frontiers in Immunology

15

10.3389/fimmu.2024.1396808

38. Ladanyi A, Kiss J, Somlai B, Gilde K, Fejos Z, Mohos A, et al. Density of DC-
LAMP(+) mature dendritic cells in combination with activated T lymphocytes
infiltrating primary cutaneous melanoma is a strong independent prognostic factor.
Cancer Immunol Immunother. (2007) 56:1459-69. doi: 10.1007/s00262-007-0286-3

39. Wculek SK, Cueto FJ, Mujal AM, Melero I, Krummel MF, Sancho D. Dendritic
cells in cancer immunology and immunotherapy. Nat Rev Immunol. (2020) 20:7-24.
doi: 10.1038/s41577-019-0210-z

40. Pages F, Kirilovsky A, Mlecnik B, Asslaber M, Tosolini M, Bindea G, et al. In situ
cytotoxic and memory T cells predict outcome in patients with early-stage colorectal
cancer. J Clin Oncol. (2009) 27:5944-51. doi: 10.1200/JCO.2008.19.6147

41. Fortis SP, Sofopoulos M, Sotiriadou NN, Haritos C, Vaxevanis CK,
Anastasopoulou EA, et al. Differential intratumoral distributions of CD8 and CD163
immune cells as prognostic biomarkers in breast cancer. ] Immunother Cancer. (2017)
5:39. doi: 10.1186/s40425-017-0240-7

42. Sun S FX, Mao Y, Wang X, Garfield DH, Huang O, Wang J, et al. PD-1(+) immune
cell infiltration inversely correlates with survival of operable breast cancer patients. Cancer
Immunol Immunother. (2014) 63:395-406. doi: 10.1007/s00262-014-1519-x

43. HCBCi AL. Tumor Microenvironment Associated With The Clinical Benefit to
Programmed Cell Death Protein-1 Blockade Therapy in Patients With Advanced
Esophageal Squamous Cell Carcinoma. Front Oncol. (2022) 12:879398. doi: 10.3389/
fonc.2022.879398

44. Kim SS SS, Miyauchi S, Sanders PD, Franiak-Pietryga I, Mell L, Gutkind JS, et al.
B Cells Improve Overall Survival in HPV-Associated Squamous Cell Carcinomas and
Are Activated by Radiation and PD-1 Blockade. Clin Cancer Res. (2020) 26:3345-59.
doi: 10.1158/1078-0432.CCR-19-3211

45. Fridman WH MM, Petitprez F, Sun CM, Italiano A, Sautés-Fridman C. B cells and
tertiary lymphoid structures as determinants of tumour immune contexture and clinical
outcome. Nat Rev Clin Oncol. (2022) 19:441-57. doi: 10.1038/s41571-022-00619-z

46. Agle K VB, Piper C, Belle L, Zhou V, Shlomchik W, Serody JS, et al. Bim
regulates the survival and suppressive capability of CD8+ FOXP3+ regulatory T cells
during murine GVHD. Blood. (2018) 132:435-47. doi: 10.1182/blood-2017-09-
807156

47. Heeren AM RJ, Stam AGM, Pocorni N, Gassama AA, Samuels S, Bleeker MCG,
et al. Efficacy of PD-1 blockade in cervical cancer is related to a CD8+FoxP3+CD25+ T-
cell subset with operational effector functions despite high immune checkpoint levels.
Immunother Cancer. (2019) 12;7:43. doi: 10.1186/s40425-019-0526-z

48. Gupta S, Su H, Agrawal S. CD8 Treg Cells Inhibit B-Cell Proliferation and
Immunoglobulin Production. Int Arch Allergy Immunol. (2020) 181:947-55.
doi: 10.1159/000509607

frontiersin.org


https://doi.org/10.1136/jitc-2022-005539
https://doi.org/10.7150/ijbs.61441
https://doi.org/10.3322/caac.21388
https://doi.org/10.1038/s41590-023-01559-1
https://doi.org/10.1046/j.1365-2559.2002.01324.x
https://doi.org/10.1038/bjc.2012.127
https://doi.org/10.1038/s41586-019-1914-8
https://doi.org/10.1038/s41591-018-0057-z
https://doi.org/10.1038/s41467-019-12160-2
https://doi.org/10.3389/fimmu.2021.648812
https://doi.org/10.3389/fonc.2020.00980
https://doi.org/10.1002/path.1018
https://doi.org/10.1007/s00262-007-0286-3
https://doi.org/10.1038/s41577-019-0210-z
https://doi.org/10.1200/JCO.2008.19.6147
https://doi.org/10.1186/s40425-017-0240-7
https://doi.org/10.1007/s00262-014-1519-x
https://doi.org/10.3389/fonc.2022.879398
https://doi.org/10.3389/fonc.2022.879398
https://doi.org/10.1158/1078-0432.CCR-19-3211
https://doi.org/10.1038/s41571-022-00619-z
https://doi.org/10.1182/blood-2017-09-807156
https://doi.org/10.1182/blood-2017-09-807156
https://doi.org/10.1186/s40425-019-0526-z
https://doi.org/10.1159/000509607
https://doi.org/10.3389/fimmu.2024.1396808
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The distribution and maturation of tertiary lymphoid structures can predict clinical outcomes of patients with gastric adenocarcinoma
	Introduction
	Materials and methods
	Public RNA-seq data collection and preprocessing
	Tumour specimens
	Characterisation and quantification of TLSs
	Multiplex immunofluorescence(mIF)
	Image acquisition and quantitative analysis
	Statistical analysis and visualisation

	Results
	Analysis of RNA-seq data suggests that TLSs and GCs are favourable prognostic factors for GA
	Clinicopathological characteristics of patients and the development of tumour-associated TLSs through sequential stages of maturation in GA specimens
	Prognostic value of TLSs based on density, maturation, and spatial location in GA patients from FUSCC
	IM-TLSs with GC-high tumours exhibit robust DC-LAMP+ cell and PD-1+CD20+ B-cell infiltration and weak FOXP3+CD8+ Treg cell infiltration
	Gene signature enrichment analysis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


