
Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons  
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).

Oncology 

Basic research

Corresponding authors: 
Yi Lv
Center for Regenerative  
and Reconstructive 
Medicine Med-X Institute 
of Western China Science 
and Technology Innovation 
Harbour
National Local Joint 
Engineering Research Center 
for Precision Surgery  
and Regenerative Medicine
The First Afliated Hospital 
of Xi’an Jiaotong University 
China
E-mail: luyi169@126.com

Yili Wang
Center for Regenerative  
and Reconstructive Medicine
Med-X Institute of 
Western China Science 
and Technology Innovation 
Harbour
The First Affiliated Hospital 
of Xian JiaoTong University
Institute for Cancer Research 
School of Basic Medical 
Science of Xi’an Jiaotong 
University
China
E-mail: 
wangyili@mail.xjtu.edu.cn

1 Center for Regenerative and Reconstructive Medicine, Med-X Institute of Western 
China Science and Technology Innovation Harbour, The First Affiliated Hospital  
of Xian JiaoTong University, China

2 National Local Joint Engineering Research Center for Precision Surgery and Regenerative 
Medicine, The First Affiliated Hospital of Xi’an Jiaotong University, China

3 Institute for Cancer Research School of Basic Medical Science of Xi’an Jiaotong 
University, China

4 Department of Pathology, The First Affiliated Hospital of Xi’an Jiaotong University, 
China

5 Department of Science and Technology, The First Affiliated Hospital of Xi’an Jiaotong 
University, China

Submitted: 24 October 2020; Accepted: 30 July 2021
Online publication: 2 August 2021

Arch Med Sci 2024; 20 (1): 255–266
DOI: https://doi.org/10.5114/aoms/140622
Copyright © 2021 Termedia & Banach

The relationship of the tertiary lymphoid structures 
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A b s t r a c t

Introduction: To explore the relationship between the tertiary lymphoid 
structures (TLSs) and tumor-infiltrating lymphocytes (TILs), and their distri-
bution characteristics as well as the prognostic value in gastric cancer (GC).
Material and methods: The TLSs and four subtypes of TILs were assessed 
by immunohistochemical (IHC) staining. The presence of MECA-79 positive 
high endothelial venules (HEVs) identified among the ectopic lymphocyte 
aggregation area in the GC tissue was defined as valid TLSs. The number of 
labeled TILs was observed in 5 fields of the most positive cells in the tumor 
center, invasive edge and within the TLSs, at a field of vision ×40. 
Results: The TLS distribution was significantly higher in the tumor invasive 
edge than the tumor center (p < 0.001). Similarly, the infiltrating density of 
CD8+  T cells and GrB+ T cells was statistically significantly higher in the 
tumor infiltrating edge than the tumor center. The total number of TILs and  
FOXP3+ T cells showed a contrary distribution. There was a positive correla-
tion of the density of TLSs and TILs with both the location and the immune 
phenotype. A higher frequency of TILs and TLSs is often associated with favor-
able clinicopathologic parameters. Higher numbers of peri-TLSs (p = 0.007), 
peri-CD8+ (p = 0.019) and peri-GrB+TILs (p = 0.032) were significantly cor-
related with the favorable overall survival. Multivariate analysis revealed 
that the densities of TILs (p = 0.019) and TLSs (p = 0.037) were independent 
prognostic predictor for GC patients.
Conclusions: We provide evidence that TLSs were positively associated with 
lymphocyte infiltration in GC. Thus, the formation of TLSs predicts advanta-
geous immune system function and can be considered as a novel biomarker 
to stratify the overall survival risk of untreated GC patients. 

Key words: tertiary lymphoid structures, tumor-infiltrating lymphocytes, 
gastric cancer, prognosis.
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Introduction

The tumor microenvironment (TME) has been 
widely implicated in tumorigenesis. It harbors many 
components that interact with tumor cells through 
the circulatory and lymphatic systems to influence 
the development and progression of cancer [1].  
The immune cells are important constituents of the 
tumor stroma and critically take part in carcinogen-
esis in elimination, equilibrium and escape of can-
cer immunoediting processes [2]. Growing evidence 
suggests that the cross-talk between cancer cells 
and immune cells ultimately results in an environ-
ment that fosters or inhabits tumor growth and 
metastasis [3]. Therefore, the examination of the 
immune components of TME is essential for evalu-
ations of cancer prognosis and treatment response.

Tertiary lymphoid structures (TLSs) are ecto-
pically aggregated nascent lymphoid structures 
within tissues in non-lymphoid organs and char-
acterized by high endothelial venules (HEVs) [4]. 
The structure and function of the TLSs are high-
ly similar to those of secondary lymphoid organs 
(SLOs) such as segregated T and B cell zones, pres-
ence of follicular dendritic cell networks, HEVs, 
and specialized lymphoid fibroblasts and have 
mechanisms to support local adaptive immune 
responses toward locally expressed antigens [5]. 
Recently, the presence of TLSs has been identified 
in many solid organ tumors, and it was reported 
to be closely related to the long-term survival of 
cancer patients [6, 7]. Current studies indicated 
that TLSs can improve the immunotherapy effect 
for cancer patients [8, 9]. A successful anti-tumor 
immune response is always controlled by a com-
plex series of interactions between tumor cells 
and immune cells [10, 11]. The TLSs in the TME are 
composed of a T cell-rich zone with mature den-
dritic cells (DCs) juxtaposing a B cell follicle with 
germinal center characteristics [12]. Therefore, the 
TLSs are involved in the presentation of neighbor-
ing tumor antigens to  T cells by DCs and activa-
tion, proliferation and differentiation of T and B 
cells within the TME [13–15], which greatly affect 
tumor development and progression [16].

Tumor-infiltrating lymphocytes (TILs) are the ma-
jor effectors encountering malignancy in the frontier 
of the TME [17, 18]. It is clear that the TILs are close-
ly involved in the formation of the local immune 
microenvironment, anti-tumor immune response, 
and immunotherapy [19, 20]. However, TILs not 
only participated in the direct killing effect on tu-
mors but also regulated the anti-tumor immune 
response and even impaired the anti-tumor re-
sponse [21, 22]. Functional phenotypes of lympho-
cytes profoundly facilitate the exploration of TIL 
subsets in situ. Various combinations of TIL sub-
population detection panels have been reported. 
A  study confirmed the densities of CD3+ T cells 

and cytotoxic CD8+  T cells in the tumor and the 
invasive margin with a  clear evaluation value for 
immunotherapy and prognosis for patients with 
colon cancer [23]. FOXP3+ regulatory cells (Tregs), 
playing a critical role in immune tolerance and de-
ficiency of anti-tumor immunity, were often used 
as a  negative anti-tumor parameter [24]. In this 
study, we therefore mainly explored the TLSs’ re-
lation with cytotoxic CD8+ T cell and FOXP3+Treg 
supplemented with activated CTLs (GrB+ T cell) 
and primed CD4+ T cells (OX40+ T cells, inducing 
cytokine production and maintaining the activity of  
T helper cells).

Preclinical and clinical data support the role of 
TLSs and TILs in modulating the anti-tumor immune 
function of the host active immune system [8, 21]. 
Structurally, TLSs are involved in the organization of 
immune cells in the TME and play a similar function 
to lymphoid organs by recruiting naive T and B cells 
to the tumor site through the related chemokines 
and cytokines, and exert their corresponding immune 
function [25]. The TILs are often exposed in the TME 
to interact directly with tumor cells. However, less 
attention has been paid to the relationship between 
the two important immune components: TLSs and 
TILs. Moreover, the localization and relationship be-
tween TILs and TLSs in gastric cancer (GC) have never 
been elucidated. Understanding the location, prog-
nostic value of TLSs and TILs, and their relationship 
is of great practical significance to mobilize a variety 
of immune functions in the body and promote the 
synergistic anti-tumor effect of immune cells. Thus, 
we performed a comprehensive histological analysis 
of TLSs and TILs in the surgically resected GC tissue 
from a cohort of 147 GC patients, which is of great 
importance to provide new concepts and therapeutic 
directions for clinical immunotherapy of GC. 

Material and methods 

Patients and tissue specimens

Patients who were diagnosed with gastric ade-
nocarcinoma and underwent GC resection surgery 
between January 2001 and December 2003 in the 
First Affiliated Hospital of XI’an Jiaotong Univer-
sity were included in this study. It was approved  
by the Medical Ethics Committee of the First 
Affiliat ed Hospital of Xi’an Jiaotong University. 

Biopsy samples were collected from 180 pa-
tients with gastric adenocarcinoma who under-
went subtotal or total gastrectomy with local 
lymphadenectomy at the Department of Patholo-
gy. All specimens were formalin-fixed, embedded 
in paraffin, cut into 4-μm-thick tissue sections, 
and stored at –80oC until use. Patients were in-
corporated according to the following criteria:  
1. Pathological diagnosis was primary gastric ade-
nocarcinoma; 2. Without preoperative chemother-
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apy or radiotherapy; 3. Retained paraffin-fixed 
tissue was sufficient, and the structure was clear; 
4. Cases had complete medical records and follow- 
up information. Patients were followed up for  
10 years; the survival time is from the date of sur-
gery to the end of follow-up. A total of 147 cases 
were included in this study. The detailed informa-
tion is described in Table I of our previous study 
(Supplementary Table SI) [26]. The survival time of 
patients was between 1 and 123 months, and the 
median survival time was 50.6 months.

Immunohistochemical staining  
for displaying TLSs and TILs

The tissue samples were fixed in formalin and 
embedded in paraffin, and the paraffin blocks were 
sliced into 4 μm sections to conduct immunohisto-
chemical (IHC) staining. Six serial sections of each 
paraffin-embedded tumor block were cut, one for 
H&E staining and five for IHC staining. The primary 
antibodies for TIL subsets were mouse monoclo-
nal anti-human CD8 (DakoCytomation, Glostrup, 
Denmark; 1 : 100 dilution), granzyme B (Novocas-
tra, Newcastle, UK; 1 : 100), OX40 (Novocastra;  
1 : 30), FOXP3 (Abcam, Cambridge, UK; 1 : 50).  
The identification for the TLSs was the primary an-
tibody to MECA-79 (1 : 300 dilution, Santa Cruz, Cal-
ifornia, USA), which recognizes sulfate-dependent 
carbohydrate epitopes of peripheral node addres-

sin (PNAd) expressed in endothelial cells of HEVs.  
The IHC was performed as recommended by the 
manufacturer. The antigen retrieval was done by 
heat-induced epitope retrieval methods for 1 min 
and 30 s in citric buffer (pH 6.0). The detailed steps 
were the same as in our previous study [26]. Dako 
EnVision (DakoCytomation, Denmark) was used 
as the secondary antibody. Negative controls were 
done by omitting the primary antibodies. The tonsil 
tissue was used as positive controls. 

Histological and immunohistochemical 
evaluation

The H&E-stained slides were reviewed by two 
pathologists (YLW and GJZ) to reconfirm the accu-
racy of the pathological data. 

Evaluation of TLSs and TLSs classification. TLSs 
are characterized by B-cell follicles, T-cell zones, 
and specialized vessels known as HEVs. Referring 
to previous studies [27], the presence of MECA-79 
positive HEVs identified among the ectopic lym-
phocyte aggregation area is defined as valid 
TLSs. Reference methods for the evaluation 
of spatial distributions of TLSs were based on 
a  similar report on breast cancer [28]. We de-
fined tumor-associated TLSs as either intratu-
moral TLSs (intra-TLSs) located within the tumor 
center, which is the interior of the solid tumor 
and enclosed by the tumor tissue in the invasive 

Figure 1. Intratumoral-TLSs (intra-TLSs) (A) and peritumoral-TLSs (peri-TLSs) (B) in the GC tissue, respectively. A com-
plete TLSs structure was rolled up by a red rectangle. The picture below which it corresponds, is a local amplification 
of the structure of TLSs 

A B
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margin including the tumor parenchyma and 
stroma, or peritumoral TLSs (peri-TLSs) adjacent 
to the invasive margin of the GC tissue (Figure 1).  
The total number of TLSs is the sum of intra-TLSs 
and peri-TLSs. After the TLSs in the whole slides 
were counted, the cases were divided into  
TLSs-high and TLSs-low groups according to the 
median for further analysis.

Evaluation of TILs and TILs classification. The di-
stribution of TILs was approached in the tumor cen-
ter, invasive edge, and within the TLSs, respective-
ly. The numbers of labeled TILs were counted in  
5 fields of the most positive cells by the classical 
counting method with the light microscope using 
an ocular grid at ×400 magnification [29]. Then 
the mean value for each vision of each case was 
calculated to represent the TIL density for this 
case of this region. Counting was performed twice 
for each slide by two viewers (NNZ and DPW).  
The mean value of TILs was taken for further anal-
ysis, and the cases were divided into TILs-high 
and TILs-low groups according to the median for 
further analysis. The TILs in the two regions were 
also named intra-TILs and peri-TILs, respectively, 
and the TILs in the TLSs were termed TLSs-TILs.

Statistical analysis

The SPSS software 13.0 (Chicago, IL) was 
used for statistical analysis. The t-test was used 
to analyze the discrepancy of TILs and TLSs in 
intratumoral and peritumoral regions. Pearson 
correlation analysis was used to evaluate the re-
lation between TLSs and TILs in a different area. 
The LSD t-test was used to analyze the numerical 
superiority of the four types of TILs in TLSs and 
intratumoral and peritumoral regions. The sur-

vival rates were calculated by the Kaplan-Meier 
method, and differences were obtained by the log-
rank test. Correlations between the TLSs and the 
TILs and other clinicopathological variables were 
determined by the c2 test. Univariate and multi-
variate survival analyses were carried out by Cox 
proportional hazards models. The R programming 
language was adopted for the power analysis.  
All the analyses were 2-sided, and p < 0.05 was 
considered as statistically significant.

Results

Distribution of TLSs and TILs 

Among the total 147 cases, 11 cases (7.48%) 
showed no TLSs in the intratumoral or peritu-
moral region, and there were 17 cases (11.56%) 
without peri-TLSs and 21 cases (14.29%) without 
intra-TLSs. The FOXP3+ and CD8+TILs were posi-
tively distributed in the intratumoral and peritu-
moral regions of all the cases (c2 = 6.217, p = 0.102). 
Two cases in the intratumoral and 4 cases in the 
peritumoral region had a  negative infiltration 
of OX40+ T cells. There were 7 cases without  
GrB+ T cells at the invasive margin, 5 cases with-
out GrB+ T cells in the tumor center, and a total of  
5 cases with a negative infiltration of GrB+ T cells.

The TLS distribution was significantly higher in 
the tumor invasive edge than the tumor center  
(intra-TLSs vs. peri-TLSs: 2.19 ±2.08 vs. 4.24  
±2.55, p < 0.001, power = 1.0). Similarly, the infil-
trating density of CD8+ T cells and GrB+ T cells in 
the tumor infiltrating edge was significantly high-
er than in the tumor center (intra-CD8+ T vs. peri-
CD8+ T: 11.40 ±6.59 vs. 13.23 ±6.07, p < 0.001,  
power = 1.0; intra-GrB+ T vs. peri-GrB+ T: 5.75 ±3.83 

Figure 2. A – TLSs, the total number of TILs and the FOXP3+ T cells distributed significantly higher in the tumor 
center than the tumor invasive edge. While the CD8+ and GrB+ T cells in the tumor infiltrating edge were signifi-
cantly higher than the tumor center. And the four type of TILs within the TLSs is obviously higher than the TILs in 
intratumoral and peritumoral region (n = 147). B – Number of the four subsets of lymphocyte in descending order 
was CD8+>FOXP3+>GrB+>OX40+ T cells within the TLSs, CD8+>FOXP3+>GrB+>OX40+ T cells in the peritumoral 
region, and the CD8+ T cells has a far superior among the TILs in peritumoral region and within the TLSs with 
statistical significance (n = 147), *p < 0.05, **p < 0.01
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vs. 6.88 ±4.32, p = 0.018, power = 1.0; Figures 2 A, 
3 A–D). The CD8+ T cells appeared to form a line of 
immune cell defense in the tumor-infiltrating edge 
(Figures 4 A, B). While the total number of TILs and 
the FOXP3+ T cells was statistically higher in the 
tumor center than the tumor-infiltrating edge (in-
tra-TILs vs. peri-TILs: 24.73 ±10.96 vs. 21.81 ±9.53, 

p < 0.001, power = 1.0; intra-FOXP3+ T vs. peri- 
FOXP3+ T 12.88 ±6.66 vs. 9.31 ±5.89, p < 0.001, pow-
er = 1.0; Figures 2 A, 3 E, F), there was no significant 
difference in the distribution of OX40+ T cells in the 
two regions. The four types of TILs within the TLSs 
were obviously higher than the TILs in the intratu-
moral and peritumoral region (Figures 2 A, 3 G, H).  

A

C

E

B

D

F

Figure 3. A, C, E – Distribution of CD8+ (red arrow), GrB+ (green arrow) and FOXP3+ T cells (yellow arrow) in  
the peritumoral region. B, D, F – their distribution in the intratumoral region. G and H showed the distribution 
of CD8+ (red arrow) and FOXP3+ (yellow arrow) T cells within the TLSs (rolled up by red and yellow rectangles 
respectively). The partial enlarged area was in the upper left corner of picture A–F, and below the picture G and H
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G H

Figure 3. Cont.

Figure 4. A and B showed the representative image that the CD8+ T cells (red arrow) appeared to form a line of immune 
cell defense in the tumor infiltrating edge. The partial enlarged area was in its lower left corner

Additionally, the average number of the four subsets 
of lymphocytes was CD8+>FOXP3+>GrB+>OX40+ 
T cells in descending order within the TLSs and 
63.27% of cases were ranked in this order (Figure 
2 B), indicating that the TLSs were enriched of the 
cytotoxic T lymphocytes. Moreover, TILs successive-
ly arranged in the intratumoral area were FOXP3+> 
CD8+>OX40+>GrB+ T cells with 60.54% of cases in 
this order, indicating that an immune suppressive 
microenvironment may exist in the tumor center. 
In contrast, CD8+> FOXP3+>GrB+>OX40+ T cells 

were in the peritumoral region with 61.22% of cas-
es in this order, and the CD8+ T cells are far superior 
among the TILs in the peritumoral region and within 
the TLSs with statistical significance (Figure 2 B).

There is a positive association between 
TLSs and TILs in gastric cancer

Correlation analysis showed that the intra-TLSs 
and peri-TLSs were negatively correlated with 
each other, though without statistical significance 

A B
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(r = –0.154, p = 0.062, power = 0.420). However, 
higher amounts of TLSs are always positively cor-
related with a larger number of TILs either in the 
location or in the immune type. The total numbers 
of TILs and CD8+ T cells in the intratumoral or per-
itumoral region and the intra-GrB+ T cells were 
positively related to the TLSs and with statistical 
significance (Table I).

High density of TLSs and TILs predicts 
a positive prognostic value of GC

Higher numbers of peri-TLSs (p = 0.007), peri-
CD8+ (p = 0.019) and peri-GrB+ T cells (p = 0.032) 
were significantly correlated with the favorable 
survival of GC patients (Figures 5 A–C). Additional-
ly, independently of the location of TLSs and TILs, 
we found that the survival rate in patients with 
a higher frequency of TLSs (p = 0.009) and CD8+ 
(p = 0.033) and GrB+ T cells (p = 0.001) was sig-
nificantly better than in those with a  lower den-
sity of TLSs and TILs (Figures 5 D–F). Also, a high-
er density of TILs either in the intratumoral (p = 
0.025) or peritumoral (p = 0.001) region always 
predicts better prognosis in GC, regardless of the 
subtype of TILs (Figures 5 G, H). 

The Cox proportional hazards model was 
used to further assess the prognostic value of 
TLSs and TILs. As shown in Table II, on univariate 
analysis, the GC patients with lower numbers of 
TILs (F = 4.557, HR = 0.37; p = 0.008) and TLSs  
(F = 8.302, HR = 0.51; p = 0.001), older age  
(p = 0.009), and tumors with larger size (p = 0.023), 
positive lymph node metastasis (p < 0.001), lat-
er stage (p = 0.013), and of diffused or mixed  
type (p = 0.003) showed a  significantly higher 
hazard ratio for a  poor prognosis. Multivariate 
analysis (F = 153.434) revealed that only positive 
lymph node metastasis (p = 0.003), frequency of 
TLSs (p = 0.037) and density of TILs (p = 0.019) 
were independent prognostic predictor for GC 
patients.

Association of TILs and TLSs with 
clinicopathologic parameters

Higher frequency of TILs and TLSs was often as-
sociated with favorable clinicopathologic parame-
ters. Correlation tests showed that the tumor size 
was inversely correlated with the TLSs (r = –0.149, 
p =0.071, power = 0.439) and TILs (r = –0.286,  
p < 0.001, power = 0.943). Additionally, higher 
density of TILs was significantly associated with 
smaller tumor size (p = 0.001), negative lymph 
node metastasis (p = 0.009), and Lauren classifi-
cation with an intestinal type (p = 0.002). Further-
more, a higher frequency of TLSs was significantly 
associated with younger age (p = 0.030), small-
er tumor size (p = 0.037), negative lymph node 
metastasis (p < 0.001), and earlier clinical stage  
(p < 0.001) (Table III).

Discussion

It has been verified that the TLSs could im-
prove local immune responses by recruiting lym-
phocytes from the blood into tumor tissue [30]. 
TLSs are structurally characterized by the HEVs 
that function to recruit lymphocytes into the TME. 
Studies have shown that the expression of PNAd 
in HEVs facilitates the migration of lymphocytes 
from the blood vessel to the tumor tissue [31]. 
Also, high densities of HEVs correlated with in-
creased naïve, memory, and activated effector 
memory T cell infiltration and T cell cytotoxicity 
in human primary solid tumors [32, 33]. In addi-
tion, significantly longer disease-free survival was 
observed in BCa patients with high-density HEVs 
than in those with low-density HEVs [34]. Thus, 
the lymph follicles with positive HEVs in the GC 
tissue were regarded as the TLSs in this study, 
and our study showed that a higher frequency of 
TLSs in GC predicts favorable prognosis no matter 
where they located. 

Similar to the adaptive immune response in 
SLOs, the dendritic cells recognize, process, and 

Table I. Correlation analysis between TLSs and TILs 

Subtype of TILs Location of TLSs and TILs Correlation coefficient (r) P-value Power value

FOXP3+T Intratumor region 0.077 0.357 0.153

Peritumor region 0.097 0.131 0.216

OX40+T Intratumor region 0.102 0.220 0.234

Peritumor region 0.053 0.526 1.00

CD8+T Intratumor region 0.267 0.001* 0.050

Peritumor region 0.189 0.022* 0.058

GrB+T Intratumor region 0.166 0.044* 0.083

Peritumor region 0.155 0.061 0.114

CD8+FOXP3+T Intratumor region 0.168 0.043* 0.081

Peritumor region 0.161 0.047* 0.087
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Figure 5. Kaplan-Meier survival analysis with log-rank test. Survival curves of the TLSs and TILs in different region 
with low and high density



The relationship of the tertiary lymphoid structures with the tumor-infiltrating lymphocytes and its prognostic value in gastric cancer  

Arch Med Sci 1, January / 2024 263

Table II. Univariate and multivariate analysis of 10-year overall survival for GC patients

Variables Categories Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Age [years] > 60 (vs. ≤ 60) 1.25 (1.16–9.71) 0.009 1.58 (0.71–5.21) 0.277

Gender Male (vs. female) 1.26 (0.78–6.40) 0.540

Tumor size [cm] > 4 cm (vs. ≤ 4 cm) 1.56 (1.25–7.75) 0.023 2.33 (0.93–6.55) 0.226

Lymph node metastasis 
metasisi 

Positive (vs. negative) 5.86 (3.94–14.96) < 0.001 3.93 (1.68–9.61) 0.003

Stage IIIA-IIIC (vs. IA-IIB) 2.45 (1.87–7.35) 0.013 1.86 (0.76–6.79) 0.318

Grade G3-4 (vs. G1-2) 0.75 (0.61–3.91) 0.251

Lauren classification MT + DT (vs. IT) 1.93 (1.73–6.72) 0.003 1.66 (1.25–5.27) 0.007

TILs High (vs. low) 0.37 (0.24–0.83) 0.001 0.59 (0.45–0.74) 0.019

TLSs High (vs. low) 0.51 (0.46–0.91) 0.008 0.64 (0.56–0.83) 0.037
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Figure 5. Cont.

present tumor antigens to the  T cells, mediating 
the activation of  T cells within the TLSs and attack 
the tumor cells directly in the TME [5, 25]. Previous 
studies have verified the different positional role 
of TILs and TLSs in predicting the prognosis for 
cancer patients [28, 35, 36]. Additionally, a study 
has demonstrated that TLSs are important sites 
for the initiation and/or maintenance of the local 
and systemic T- and B-cell responses against tu-
mors [7]. Our study indicated that the TLSs were 
positively correlated with the CD8+TILs and their 
activated form (GrB+TILs) in GC tissue either in 
the intratumoral or peritumoral region, but with-
out a  significant relation with the CD4+TILs and 
FOXP3+TILs. It suggested that the TLSs might be 
the site for the T cell differentiation into the anti- 
tumor subtype.

A higher density of CD8+ and GrB+ T cells was 
also verified to be associated with a  better out-
come for GC patients. Additionally, the number of 

CD8+ T cells with cytotoxic effects was also signifi-
cantly higher within the TLSs than FOXP3+ T cells 
with immunosuppressive effects. These results in-
dicated that the formation of TLSs contributes to 
the differentiation and activation of  T cells into 
an anti-tumor immunophenotype. Previous studies 
also verified the importance of TLSs in the initia-
tion and/or maintenance of the local and systemic 
T and B cell responses against tumors [13, 14, 25]. 
It has been reported that the presence and density 
of TLS are mainly associated with Th1 and cytotox-
ic related cellular immune responses in breast, col-
orectal, lung and pancreatic cancers [25, 27, 37–39]. 
In addition, TLSs density were also associated 
with CD20+ B cells, and the size and density of  
B cell follicles or germinal centers are significantly 
correlated with good outcome in breast and lung 
cancer [13, 38]. Furthermore, in lung cancer and 
germ cell tumors, the presence of B cell follicles in 
TLSs promotes the activated mechanisms of ger-
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Table III. Association of TLSs and TILs with clinicopathologic parameters

Clinicopathologic  
parameters

No. of cases 
(%) 

TIL frequency P-value TLS frequency P-value

Low     High Low     High

Age [years]:

≤ 60 79 (53.7) 43        36 0.475 30         38 0.030

> 60 68 (46.3) 33        35 49         30

Sex:

Female 31 (21.1) 20        11 0.108 18         13 0.587

Male 116 (78.9) 56        60 61         55

Tumor size [cm]:

≤ 4 cm 86 (58.5) 31        55 0.001 40         46 0.037

> 4 cm 61 (41.5) 45        16 39         22

Lymph node involvement:

Negative 62 (42.2) 24        38 0.009 14         48 < 0.001

Positive 85 (57.8) 52        33 65         20

TNM stage:

IA-IIB 79 (26.5) 45        34 0.169 28         51 < 0.001

IIIA-IIIC 68 (46.3) 31        37 51         17

Grade:

G1-2 61 (2.0) 29         32 0.395 29         32 0.204

G3-4 86 (39.5) 47         39 50         36

Lauren classification:

Intestinal type 86 (58.5) 34         52 0.002 49         37 0.227

Diffuse type 35 (23.8) 25         10 20         15

Mixed type 26 (17.7) 17          9 10         16

minal centers’ somatic hypermutation and class 
switch recombination, accompanied by genera-
tion of plasma cells [13, 40]. Thus, a high density 
of TLSs appears to be a good biomarker of the tu-
mor immune microenvironment in which cellular 
and humoral immune reactions occur. Its favorable 
prognostic role has also been verified in many dif-
ferent cancer types, including oral squamous cell 
carcinoma [32], skin Merkel cell carcinoma [41], 
lung cancer [6, 13, 14], colorectal cancer [39], 
pancreatic cancer [26] and breast cancer [37, 38]. 
The present study showed that the TLS distri-
bution was significantly higher in the tumor in-
vasive edge than the tumor center. Similarly,  
the CD8+ T cells were also more abundantly dis-
tributed in the peritumoral than intratumoral re-
gion, and the CD8+ T cells were densely distribut-
ed within the TLSs. We discovered that the CD8+  
T cells could form a palisading immune line at the 
edge of the tumor in many slides (Figures 4 A–B).  
Studies have reported that tumor cells may harbor 
some malignant biological behavior at the edge 
of tumor infiltration, such as poor differentiation, 
epithelial-mesenchymal transition, stemness dif-
ferentiation, immune escape and metastatic po-
tential [42, 43]. Tumor budding, an isolated single 

cancer cell or a  cluster of up to five cells at the 
invasive front [44] are prone to evolving epithe-
lial-mesenchymal transition, acquiring cancer 
stem cell biological potential and associated with 
distant metastasis and poor prognosis for cancer 
patients [42, 43]. A higher frequency of TLSs and 
CD8+ T cells in the tumor invasive margin may 
help to prevent the malignant evolution of cancer 
cells, and the TLSs can promote the proliferation, 
differentiation, and activation of CD8+ T cells and 
guide them to migrate to the tumor region [45, 46]. 
Therefore, a higher frequency of TLSs is associated 
with favorable biological indicators and prognosis 
in this study, which has also been verified by many 
other studies [6, 7]. Our work also revealed that 
the TLSs were an independent prognostic factor 
with a protective effect. However, the prognostic 
significance of the intratumoral and peritumoral 
TLSs in this study should be cautiously applied, 
although many studies also have emphasized the 
regional importance of immune component in the 
GC [35, 47]. Still, there is no exact definition of the 
peritumoral and intratumoral range of GC, so the 
prognostic role of different location of TLSs could 
also differ in different studies. Actually, earlier in 
1996, Clemente et al. well documented the evi-
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dence of spatial variations in tumors [48]. It is im-
portant to recognize that the microenvironmental 
components vary significantly in different regions 
of the tumor tissue [49]. Interestingly, the CD8+  
T cells and FOXP3+ T cells are oppositely distribut-
ed in the intratumoral and peritumoral region, and 
the FOXP3+ T cells have lower distribution in the 
tumor margin and within the TLSs, compared with 
the CD8+ T cells in the present study. A noteworthy 
study reported that the formation of TLSs and the 
number of CD8+ T cells within TLSs were increased 
after Treg cells were knocked out in lung cancer 
mice, and the cancer progression could be inhibit-
ed [50]. Another study also documented that Treg 
cell depletion can enable a  self-amplifying loop 
of T-cell activation, promoting HEV development, 
T-cell infiltration, and, ultimately, tumor destruc-
tion [51]. The specific mechanisms between the 
Treg cells, CD8+ T cells, and TLSs may need to be 
further investigated.

In conclusion, TLSs can recruit ectopic infiltra-
tion of TILs to the GC tissue; simultaneously, the 
diversity of subtypes of TILs also provides a basis 
for TLS formation. The TLSs are mostly present in 
the peritumoral region of the GC tissue, and pos-
itively correlated with the infiltration density of 
CD8+ T cells and GrB+ T cells. GC with higher lev-
els of TLSs and TILs predicts a favorable prognosis. 
Therefore, the formation of TLS indicates advanta-
geous immune system function, and with a posi-
tive anti-tumor effect. TLS might be considered as 
a novel biomarker to stratify the overall survival 
risk of untreated GC patients. 
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