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Abstract
Background Ectopic lymphoid formations are called tertiary lymphoid structures (TLSs). TLSs in cancer have been reported 
to be associated with good prognosis and immunotherapy response. However, the relationship between TLSs and lymph 
node (LN) metastasis is unclear.
Methods We analyzed 218 patients with radically resected lung adenocarcinoma. TLSs were defined as the overlap of T 
cell zone and B cell zone. Granzyme B + cells were defined as cytotoxic lymphocytes. We evaluated phenotypes of lym-
phocytes in TLSs, tumor-infiltrating lymphocytes (TILs) and LNs by immunohistochemistry. We divided the patients into 
mature TLS (DC-Lamp high) and immature TLS (DC-Lamp low) groups. The relationship between TLS maturation and 
clinicopathological factors was analyzed.
Results The mature TLS group was associated with significantly lower frequency of LN metastasis (P < 0.0001) and early 
cancer stage (P = 0.0049). The mature TLS group had significantly more CD8 + (P = 0.0203) and Foxp3 + (P = 0.0141) cells 
in TILs than the immature TLS group had. Mature TLSs were independently associated with a favorable overall survival 
(hazard ratio [HR] = 0.17, P = 0.0220) and disease-free survival (HR = 0.54, P = 0.0436). Multivariate analysis showed that 
mature TLS was an independent low-risk factor for LN metastasis (odds ratio = 0.06, P = 0.0003). The number of cytotoxic 
lymphocytes in LNs was higher in the mature TLS group than in the immature group (20.0 vs. 15.1, P = 0.017).
Conclusion Mature TLSs were associated with an increased number of cytotoxic lymphocytes in draining LNs, a lower fre-
quency of LN metastasis, and favorable outcomes. Mature TLSs may support antitumor immunity by lymphocyte activation.
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Abbreviations
DC  Dendritic cell
DFS  Disease-free survival
HEV  High endothelial venule
HR  Hazard ratio
LN  Lymph node
LT  Lymphotoxin.
OR  Odds ratio

OS  Overall survival
PD-L1  Programmed cell death-ligand 1
pN  Pathological N status
pT  Pathological T status
TIL  Tumor-infiltrating lymphocyte
TLS  Tertiary lymphoid structure
TNF  Tumor necrosis factor

Introduction

Immunotherapy using immune checkpoint inhibitors is asso-
ciated with improved therapeutic effects in patients with lung 
cancer [1, 2]; however, biomarkers for predicting respon-
siveness to immune checkpoint inhibitors remain unclear, 
aside from the expression of programmed cell death-ligand 1 
(PD-L1). Recently, tertiary lymphoid structures (TLSs) have 

 * Tetsuzo Tagawa 
 t_tagawa@surg2.med.kyushu-u.ac.jp

1 Department of Surgery and Science, Graduate School 
of Medical Sciences, Kyushu University, 3-1-1 Maidashi, 
Higashi-Ku, Fukuoka 812-8582, Japan

2 Department of Anatomic Pathology, Graduate School 
of Medical Sciences, Kyushu University, Fukuoka, Japan

3 Department of Biostatistics, Graduate School of Medicine, 
Yamaguchi University, Yamaguchi, Japan

http://orcid.org/0000-0003-4456-429X
http://crossmark.crossref.org/dialog/?doi=10.1007/s00262-022-03353-8&domain=pdf


1824 Cancer Immunology, Immunotherapy (2023) 72:1823–1834

1 3

attracted increasing attention as important factors associated 
with clinical response [3].

TLSs are ectopic lymphoid formations present in inflam-
matory tissue, such as in autoimmune disease, infection, 
and malignant tumors [4]. TLSs comprise a T cell zone 
with mature dendritic cells (DCs), a germinal center with 
follicular dendritic cells and proliferating B cells, and 
high endothelial venules (HEVs) [5]. TLSs are associated 
with expression of chemokines, such as CCL19, CCL21 
and CXCL13 [6–10]. It is considered that naïve T cells, 
B cells and DCs attracted by these chemokines modulate 
the antitumor immune response [11]. In relation to those 
findings, TLSs have also been reported to be a positive 
prognostic factor in various malignant tumors, such as 
lung, colorectal, urothelial and breast cancers [5, 11–14]. 
Other studies have shown that the presence of TLS relates 
to the response to immunotherapy [15–18]. Expression of 
TLS signature, including chemokine and DC genes such as 
CCL19, CXCL13, CCR7, CXCR5, SELL and LAMP3, has 
been reported to be significantly higher in immunotherapy 
responders than in non-responders [16]. Additionally, the 
TLS signature impacts outcome of immunotherapy more 
than do typical T cell signatures such as  CD8+ cells [17]. 
Thus, TLSs are considered to be an important factor associ-
ated with the prognosis and efficacy of immunotherapy for 
patients with lung cancer.

Lymph nodes (LNs) have been considered an important 
site for activating antitumor immunity [19], and it has been 
reported that ablation of draining LNs in mice diminishes 
the effect of immunotherapy [20]. Recently, not only LNs 
but also TLSs are revealed to be important for antitumor 
immunity [19]. In terms of the relationship between TLSs 
and draining LNs, a review about TLSs mentioned a hypoth-
esis that lymphocytes may circulate between TLSs, drain-
ing LNs and tumors [4]. However, the effect of intratumoral 
TLSs on the composition of draining LNs is still incom-
pletely understood.

In this study, we evaluated the relationship between 
TLS maturation and clinicopathological factors, espe-
cially draining LNs. Our results imply that TLS maturation 
might be associated with an increased number of cytotoxic 
lymphocytes in the LNs and a decreased frequency of LN 
metastasis.

Materials and methods

Patients

This study included 240 patients with stage I–IVa lung ade-
nocarcinoma who had undergone surgery between Decem-
ber 2007 and December 2012 at the Department of Surgery 
and Science, Graduate School of Medical Sciences, Kyushu 

University. A total of 218 formalin-fixed, paraffin-embed-
ded specimens were available for immunohistochemical 
staining. Clinicopathological characteristics, disease-free 
survival (DFS) and overall survival (OS) were retrospec-
tively analyzed. Clinicopathological characteristics assessed 
included age, sex, smoking history, pathological T (pT) 
status, pathological N (pN) status, pathological M status, 
histological differentiation grade, pleural invasion, vascular 
invasion, lymphatic invasion, operative method, adjuvant 
chemotherapy status, EGFR mutations and PD-L1 positivity. 
Pleural invasion and vascular invasion were evaluated using 
Elastica van Gieson (EVG) staining, and lymphatic invasion 
was evaluated using D2-40 staining; these evaluations were 
performed by pathologists at Kyushu University. This study 
was approved by our Institutional Review Board (Kyushu 
University, IRB No. 2019–232).

Immunohistochemical staining

Immunohistochemical staining was performed in 218 surgi-
cally resected lung adenocarcinomas and their draining LNs. 
Sections were cut at 4-μm thickness from formalin-fixed, 
paraffin-embedded tissue blocks, then dewaxed with xylene, 
and rehydrated through a graded concentration series of 
ethanol. After inhibition of endogenous peroxidase activity 
with 3% hydrogen peroxide in methanol for 5 min, the sec-
tions were pretreated with Target Retrieval Solution (Dako) 
in a decloaking chamber at 110 °C for 15 min and then 
incubated with primary antibodies at 4 °C overnight. The 
primary antibodies were: mouse monoclonal anti-human 
CD20cy antibody (clone #L26, dilution 1:200; Dako); 
rat monoclonal anti-mouse DC-Lamp antibody (clone 
#1010E1.01, dilution 1:100; eurobio SCIENTIFIC); mouse 
monoclonal anti-human CD3 antibody (clone #F7.2.38, 
dilution 1:50; DAKO); mouse monoclonal anti-human CD8 
antibody (clone #C8/144B, dilution 1:100; Dako); rabbit 
monoclonal anti-human CD4 antibody (clone #sp35, dilu-
tion 1:100; abcam); mouse monoclonal anti-human Foxp3 
antibody (clone #236A/E7, dilution 1:100; eBioscience); 
rabbit polyclonal anti-granzyme B antibody (dilution 1:200; 
abcam); mouse monoclonal anti-human NKp46/NCR1 anti-
body (clone #195,314, dilution 1:200; R&D systems); rabbit 
polyclonal anti-MIP-3 beta/CCL19 antibody (dilution 1:500; 
abcam); rabbit polyclonal anti-CCL21 antibody (dilution 
1:200; abcam); and rabbit polyclonal anti-CCR7 antibody 
(dilution 1:200; abcam). The immune complex was detected 
with a Dako EnVision Detection System. The sections were 
finally reacted in 3,30-diaminobenzidine, counterstained 
with hematoxylin, and mounted under coverslips. Sections of 
tonsil were used as positive controls for CD20cy, DC-Lamp, 
CD3, CD8, CD4, Foxp3, granzyme B, CCL19, CCL21 and 
CCR7. Stained slides were scanned using the NanoZoomer 
(Hamamatsu Photonics KK). PD-L1 expression was detected 
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by immunohistochemical staining with rabbit monoclonal 
anti-human PD-L1 antibody (clone #SP142, dilution 1:100; 
Spring Bioscience), as described previously [21]. In this 
study, positive staining of > 1% of tumor cells was consid-
ered to denote PD-L1 positivity.

Evaluation of TLSs and TILs

We defined TLSs as the overlap of the T cell zone and the 
B cell zone based on hematoxylin and eosin, CD20 and 
CD3 staining (Fig. 1 A, B, C). The densities of DC-Lamp+, 
granzyme  B+,  CCL19+,  CCL21+,  CCR7+ cells in TLSs 
were evaluated by counting the numbers of DC-Lamp+, 
granzyme  B+,  CCL19+,  CCL21+ and  CCR7+ cells per 0.04 
 mm2 over 3 TLSs and then averaging the cell counts. The 
median numbers of DC-Lamp+, granzyme  B+,  CCL19+, 
 CCL21+,  CCR7+ cells were 1.3 (0–12.2)/0.04  mm2,8.2 
(0–23.6)/0.04  mm2, 1.0 (0–8.6)/0.04  mm2, 0 (0–4.2)/0.04 
 mm2 and 3.1 (0–11.2)/0.04  mm2, respectively. The den-
sities of  CD3+,  CD8+,  CD4+,  Foxp3+, granzyme  B+ and 
 NKp46+ TILs were evaluated by counting the number of 
 CD3+,  CD8+,  CD4+,  Foxp3+, granzyme  B+ and  NKp46+ 
TILs per 0.04  mm2 over 5 fields in hotspots of the tumor 
stroma, then averaging the cell counts. The median numbers 
of  CD3+,  CD8+,  CD4+,  Foxp3+, granzyme  B+ and  NKp46+ 
TILs were 63.4 (10.2–121.2)/0.04  mm2, 52.4 (6–127)/0.04 
 mm2, 47.2 (0.2–104.6)/0.04  mm2, 13.6 (0–49.4)/0.04  mm2, 
14.6 (0.6–42.6)/0.04  mm2 and 2.4 (0.2–10.6)/0.04  mm2, 
respectively. The densities of DC-Lamp+, granzyme  B+, 
 NKp46+,  CCL19+,  CCL21+,  CCR7+ cells in draining LNs 
were evaluated by counting the number of DC-Lamp+, 
granzyme  B+,  NKp46+,  CCL19+,  CCL21+,  CCR7+ cells 
per 0.04  mm2 over five fields in the LNs, then averaging the 
cell counts. The median numbers of DC-Lamp+, granzyme 
 B+,  NKp46+,  CCL19+,  CCL21+,  CCR7+ cells in draining 
LNs were 35.8 (18.6–48.4)/0.04  mm2, 18.4 (9.4–36)/0.04 
 mm2, 0.8 (0–5.2)/0.04  mm2, 9.4 (0.4–22.6)/0.04  mm2, 1.7 
(0–5.2)/0.04  mm2 and 2.2 (0.2–9.4)/0.04  mm2, respectively. 
The median numbers of peripheral and central granzyme  B+ 
cells were 15.5 (0–42.8)/0.04  mm2 and 7.7 (0.2–48.8)/0.04 
 mm2, respectively. In this study, all hematoxylin–eosin stain-
ing and immunohistochemical staining was independently 
evaluated by at least two observers who were blinded to the 
clinical outcome. Cases with disagreement were reviewed 
by all observers to reach a consensus. The cut-off values 
for  CD3+,  CD8+,  CD4+,  Foxp3+ cells in TILs and DC-
Lamp + cells in draining LNs were defined by the median 
numbers. The cut-off value for DC-Lamp+ cells in TLSs was 
set at 1.5 cells/0.04  mm2 by receiver operating characteristic 
curve. TLS subset was classified using the cut-off value of 
DC-Lamp+ cells as follows: mature TLS, ≥ 1.5 cells/0.04 
 mm2 and immature TLS, < 1.5 cells/0.04  mm2.

Statistical analyses

Fisher’s exact test was used to analyze patients’ charac-
teristics. DFS was defined as the period between surgery 
and the date of last follow-up, recurrence or death, and 
OS as the period between surgery and the date of last fol-
low-up or death. Survival curves were estimated using the 
Kaplan–Meier method with the log-rank test. Cox propor-
tional hazards regression analysis and logistic regression 
analysis were performed to estimate the hazard ratio (HR) 
and odds ratio (OR) for the risk factors with the backward 
elimination method. Wilcoxon’s rank sum test was used to 
compare the number of granzyme  B+,  CCL19+,  CCL21+ 
and  CCR7+ cells. All results were considered as statisti-
cally significant at P < 0.05. JMP pro 14.0 software (SAS 
Institute Japan Ltd.) was used for all statistical analyses.

Results

Clinicopathological characteristics of patients 
and their association with TILs

This study cohort included 218 patients with lung adeno-
carcinoma who had undergone surgical resection. The 
mean age was 68 years (range: 42–85 years), and 108 
patients (49.5%) were female. Based on the histological 
examination of resected tumors, the number of patients 
with stage I, II, III and IV cancer were 177 (81.2%), 23 
(10.6%), 14 (6.4%) and 4 (1.8%), respectively. The detailed 
clinical characteristics are listed in Supplementary 
Table 1. TLSs were present in 188 patients (86.2%, Sup-
plementary Table 1). The median number of TLSs per low-
power field was 3 (0–13) (Fig. 1I). There were 98 (45.0%) 
patients in the mature TLS group. Fifty-eight (26.6%) 
patients were positive for the expression of PD-L1, and 
96 patients (44.0%) showed EGFR mutations (Supple-
mentary Table 1). As shown in Table 1, Fisher’s exact 
test showed that mature TLSs were significantly associ-
ated with pN0 (P < 0.0001), early stage (I; P = 0.0049), 
and increased numbers of  CD3+,  CD8+,  CD4+ and 
 Foxp3+ TILs (P = 0.0001, P = 0.0203, P = 0.0017 and 
P = 0.0141, respectively). As shown in Supplementary 
Table  2, Fisher’s exact test showed that patients with 
TLS were significantly associated with pT status (> 2, 
P = 0.0260), histopathological differentiation grade (G2,3; 
P = 0.0098), Pleural invasion (P = 0.0125), vascular inva-
sion (P = 0.0158) and increased the number of  CD3+, 
 CD8+,  CD4+ and  Foxp3+ TILs (P = 0.0101, P = 0.0290, 
P = 0.0172 and P = 0.0028, respectively).
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Fig. 1  Characterization of 
tertiary lymphoid structures 
and tumor-infiltrating lym-
phocytes. Characterization of 
tertiary lymphoid structures 
(TLSs) in lung adenocarcinoma 
by staining of formalin-fixed, 
paraffin-embedded tissues 
(A–D). TLS in lung adenocar-
cinoma stained by hematoxylin 
and eosin (A), CD20 (B), CD3 
(C) and DC-Lamp (D). Tumor-
infiltrating lymphocytes stained 
by CD3 (E), CD8 (F), CD4 
(G) and Foxp3 (H). Histogram 
of the number of TLSs within 
low-power field (LPF) (I). 
Histogram of the number of 
DC-Lamp+ mature dendritic 
cells in TLSs (/0.04  mm2) (J)
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Prognosis of patients with lung adenocarcinoma 
according to mature/immature TLSs

The presence of TLSs was not associated with the OS or 
DFS in a survival analysis by the Kaplan–Meier method 
(log-rank test P = 0.0672 and P = 0.1356; respectively; Sup-
plementary Fig. 1A, B).

A survival analysis using the Kaplan–Meier method 
showed that the OS and DFS of patients with mature TLSs 
were significantly better than those of patients with immature 
TLSs (log-rank test P = 0.0002 and P = 0.0007; respectively; 

Fig. 2A, B). Univariate analysis by Cox proportional hazards 
regression model showed that patients with mature TLSs, 
age ≥ 70 years, higher tumor stage, adjuvant chemotherapy 
and positivity for PD-L1 expression were associated with OS 
(mature vs. immature TLS: HR = 0.10, P = 0.0022; Table 2). 
Patients with mature TLSs, higher tumor stage and adjuvant 
chemotherapy were associated with DFS (mature vs. imma-
ture TLS: HR, 0.38, P = 0.0011; Supplementary Table 3). In 
the multivariate analysis, inclusion in the mature TLS group 
remained a good predictor of the OS (mature vs. immature 
TLS: HR = 0.17, P = 0.0220; Table 2) and DFS (mature 

Table 1  Clinicopathological 
characteristics of the patients 
according to mature/immature 
TLS

* P < 0.05 **EGFR unexamined (n = 16) were excluded
TLS: tertiary lymphoid structures, EGFR: epidermal growth factor receptor, PD-L1: programmed cell 
death ligand-1, TILs: tumor-infiltrating lymphocytes, CD3: Cluster of differentiation 3, CD8: Cluster of 
differentiation 8, CD4: Cluster of differentiation 4, FoxP3: Forkhead boxprotein P3

Characteristics Immature TLS (n = 120) Mature TLS (n = 98) P value

Age  < 70 63 (52.5%) 57 (58.2%) 0.4152
 ≥ 70 57 (47.5%) 41 (41.8%)

Sex Female 59 (49.2%) 49 (50.0%) 1.0000
Male 61(50.8%) 49 (50.0%)

Smoking Never smoker 60 (50.0%) 44 (44.9%) 0.4967
Smoker 60 (50.0%) 54 (55.1%)

T 1a,1b,1c 84 (70.0%) 75 (76.5%) 0.2888
2a,2b,3,4 36 (30.0%) 23 (23.5%)

N 0 93 (77.5%) 96 (98.0%)  < 0.0001*
1,2,3 27 (22.5%) 2 (2.0%)

M 0 116 (96.7%) 98 (100%) 0.1292
1a 4 (3.3%) 0 (0%)

Stage IA1,IA2,IA3,IB 89 (74.2%) 88 (89.8%) 0.0049*
IIA,IIB,IIIA,IIIB,IVa 31 (25.8%) 10 (10.2%)

G 1 60 (50.0%) 50 (51.0%) 0.8925
2,3 60 (50.0%) 48 (49.0%)

Pleural invasion Negative 93 (77.5%) 82 (83.7%) 0.3057
Positive 27 (22.5%) 16 (16.3%)

Vascular invasion Negative 82 (68.3%) 73 (74.5%) 0.3684
Positive 38 (31.7%) 25 (25.5%)

Lymphatic invasion Negative 102 (85.0%) 89 (90.8%) 0.2201
Positive 18 (15.0%) 9 (9.2%)

EGFR** wild 61 (54.5%) 45 (50.0%) 0.5720
mutation 51 (45.5%) 45 (50.0%)

PD-L1 expression Negative (< 1%) 92 (76.7%) 68 (69.4%) 0.2809
Positive (> 1%) 28 (23.3%) 30 (30.6%)

TILs CD3 Low 68 (56.7%) 29 (29.6%) 0.0001*
High 52 (43.3%) 69 (70.4%)

TILs CD8 Low 65 (54.2%) 37 (37.8%) 0.0203*
High 55 (45.8%) 61 (62.2%)

TILs CD4 Low 70 (58.3%) 36 (36.7%) 0.0017*
High 50 (41.7%) 62 (63.3%)

TILs Foxp3 Low 66 (55.0%) 37 (37.8%) 0.0141*
High 54 (45.0%) 61 (62.2%)
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vs. immature TLS: HR = 0.54, P = 0.0436; Supplementary 
Table 3). Age, tumor stage, and PD-L1 positivity remained 
worse predictors of OS (Table 2). Age, tumor stage and 
adjuvant chemotherapy remained worse predictors of DFS 
(Supplementary Table 3).

Relationship between mature/immature TLS and LN 
metastasis

Univariate analyses demonstrated that inclusion in the 
mature TLS group was associated with a low risk of 
LN metastasis (mature vs. immature TLS: OR = 0.07, 
P = 0.0004; Table 3). Pathological T status was associated 
with a high risk of LN metastasis (Table 3). In the multi-
variate analysis, the mature TLS group was also indepen-
dently associated with a low risk of LN metastasis (mature 
vs. immature TLS: OR = 0.06, P = 0.0003; Table 3). Sex and 
pT status independently predicted LN metastasis (Table 3).

The lower frequency of LN metastasis in the mature TLS 
group implied a protective effect of mature TLS against LN 
metastasis. To support this hypothesis, we examined the 
difference in granzyme  B+ cells as activated cytotoxic lym-
phocytes in draining LNs between the mature and immature 
TLS groups. The LNs of the mature TLS group were infil-
trated by significantly more cytotoxic lymphocytes than the 
LNs of the immature TLS group (20.0 vs. 15.1; P = 0.017; 
Fig. 3A). Additionally, comparison between the LN metas-
tasis group (pN1 or 2) and non-LN metastasis group (pN0) 
showed that the latter had significantly more cytotoxic lym-
phocytes in the LNs (18.8 vs. 14.9; P = 0.0205; Fig. 3B).

The number of cytotoxic lymphocytes was higher in the 
LNs of the non-LN metastasis group than the LN metastasis 
group. This may suggest that cytotoxic lymphocytes have an 
important role in preventing LN metastasis. Although we 
demonstrated a relationship between TLS maturation and 
the number of cytotoxic lymphocytes in LNs, the mechanism 

Fig. 2  The maturation of ter-
tiary lymphoid structure relates 
to prognosis. Kaplan–Meier 
curves of overall survival (A) 
and disease-free survival (B) 
for patients with lung adenocar-
cinoma depending on mature/
immature tertiary lymphoid 
structure. *P < 0.05

Time after surgery (month)

Log-rank: *P *:knar-goL2000.0= P=0.0007
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Table 2  Univariate and 
multivariate analysis of overall 
survival

*P < 0.05
HR: hazard ratio, CI: confidence interval, PD-L1: programmed cell death ligand 1, EGFR: epidermal 
growth factor receptor, TLS: tertiary lymphoid structures

Univariate 
analysis

Multivariate 
analysis

Characteristics HR 95% CI P value HR 95% CI P value

Age  ≥ 70 2.74 1.161–6.472 0.0215* 3.65 1.503–8.843 0.0042*

Sex Male 0.96 0.425–2.186 0.9310
Smoking Smoker 0.72 0.314–1.631 0.4257
Stage  ≥ II 10.7 4.539–25.33  < 0.0001* 6.60 2.579–16.90  < 0.0001*

Operative method Lobectomy 0.95 0.373–2.404 0.9094
Adjuvant chemotherapy  + 2.87 1.264–6.497 0.0117*

PD-L1 expression Positive (≥ 1%) 3.29 1.449–7.447 0.0044* 3.12 1.294–7.506 0.0112*

EGFR mutation 0.56 0.235–1.339 0.1935
TLS mature 0.10 0.024–0.442 0.0022* 0.17 0.037–0.775 0.0220*



1829Cancer Immunology, Immunotherapy (2023) 72:1823–1834 

1 3

by which TLS maturation affects draining LNs is unclear. 
To determine the effect of mature TLSs on draining LNs, 
we examined the location of cytotoxic lymphocytes in LNs, 
and compared the numbers of cytotoxic lymphocytes in the 
primary tumor of the mature and immature TLS groups. 
With regard to the number of cytotoxic lymphocytes in 
LNs (Fig. 3C–E), there were significantly more cytotoxic 
lymphocytes in the periphery than center of LNs (15.5 vs. 
7.7, P < 0.0001; Fig. 3F). This might imply that cytotoxic 
lymphocytes in the LNs infiltrated from the tumor via the 
afferent lymphatic vessels in the periphery of the LNs. The 
median numbers of cytotoxic lymphocytes in TLSs and TILs 
were evaluated according to the TLS maturation (Fig. 3G, 
H). There was a significantly higher number of cytotoxic 
lymphocytes in mature than in immature TLSs (9.8 vs. 6.7, 
P < 0.0001; Fig. 3I). Patients without TLS were excluded 
from immature TLS group for this analysis, because the 
number of cytotoxic lymphocytes in TLSs could not be eval-
uated. In contrast, no significant difference in the numbers 
of cytotoxic lymphocytes in TILs was found between the 
mature and immature TLS groups (14.8 vs. 14.3, P = 0.3861; 
Fig.  3J). Cytotoxic lymphocytes (granzyme  B+ cells) 
included cytotoxic T lymphocytes and NK cells. For further 
evaluation, the numbers of NK cells in TILs and LNs were 
also investigated. There was a significantly higher number 
of NK cells, but not likely cytotoxic T cells, in the TILs of 
the mature TLS group than the immature TLS group (3.2 vs. 
2.0; P = 0.0016; Supplementary Fig. 2B). On the other hand, 
the number of NK cells in the LNs of the mature TLS and 
immature TLS groups did not differ to a statistically signifi-
cant extent (1.2 vs. 0.8, P = 0.5536; Supplementary Fig. 2D). 
This suggested that the cytotoxic lymphocytes increasing in 
LNs were most likely cytotoxic T lymphocytes.

To investigate the effect of LNs on lymphocyte activa-
tion, the relationship between DC-Lamp+ cells and cytotoxic 
lymphocytes in draining LNs was analyzed. The numbers 
of DC-Lamp + cells in draining LNs were not associated 
with the numbers of cytotoxic lymphocytes in draining LNs 

(DC-Lamp high in LNs vs. DC-Lamp low in LNs: 18.4 vs. 
18.2; P = 0.9786; Supplementary Fig. 2F). Furthermore, no 
significant differences in the numbers of cytotoxic lympho-
cytes in TLSs ((DC-Lamp high in LNs vs. DC-Lamp low 
in LNs: 7.4 vs. 7.2, P = 0.5161; Supplementary Fig. 2G) or 
TILs ((DC-Lamp high in LNs vs. DC-Lamp low in LNs: 
15.4 vs. 12.3, P = 0.2427; Supplementary Fig. 2H) were 
found between the DC-Lamp+ cell high and low groups.

The effects of the maturation of TLS on chemokines

The mature TLS group was associated with higher numbers 
of cytotoxic lymphocytes in the LNs and TLSs. These find-
ings implied the impact of the TLS maturation on lympho-
cyte activation. To elucidate the effect of the TLS matura-
tion on chemokines, we examined the expression of some 
chemokines and chemokine receptors including CCL19, 
CCL21 and CCR7 in TLSs and draining LNs, and compared 
their expression status between the mature and the immature 
TLS groups. CCL19, CCL21 and CCR7 were mainly related 
to the migration of cytotoxic lymphocytes and DCs. As a 
result, a higher number of  CCL19+,  CCR7+ cells in TLS 
and a higher number  CCL19+ cells in LNs were detected 
in the mature TLS group in comparison to the immature 
TLS group (P = 0.0431, P = 0.0069, P = 0.0002, respec-
tively; Supplementary Fig. 3B). In contrast, the amount 
of DC-Lamp+ cells in LNs was not associated with these 
chemokines (Supplementary Fig. 3C).

Discussion

In this study, we evaluated the significance of TLSs in terms 
of LN metastasis in patients with lung adenocarcinoma. 
Mature TLSs were significantly associated with less LN 
metastasis and a good prognosis. The mature TLS group had 
significantly more cytotoxic lymphocytes and  CCL19+ cells 
in draining LNs and TLSs in comparison to the immature 

Table 3  Univariate and multivariate analysis of lymph node metastasis

* P < 0.05
CI: confidence interval, PD-L1: programmed cell death ligand 1, EGFR: epidermal growth factor receptor, TLS: tertiary lymphoid structures

Univariate analysis Multivariate analysis

Characteristics Odds ratio 95% CI P value Odds ratio 95% CI P value

Age  ≥ 70 1.01 0.548–2.207 0.9883
Sex Male 0.47 0.206–1.060 0.0689 0.25 0.091–0.672 0.0062*

Smoking Smoker 0.51 0.228–1.138 0.1005
T  ≥ 2a 4.96 2.195–11.20 0.0001* 7.61 2.856–20.27  < 0.0001*

PD-L1 expression Positive (≥ 1%) 1.85 0.813–4.189 0.1424
EGFR mutation 0.64 0.285–1.429 0.2748
TLS mature 0.07 0.017–0.310 0.0004* 0.06 0.013–0.284 0.0003*
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Fig. 3  The relationship between 
the maturation of tertiary 
lymphoid structure and cyto-
toxic lymphocytes. The mean 
number of peripheral cytotoxic 
lymphocytes in non-metastatic 
lymph nodes (LNs) depending 
on mature/immature tertiary 
lymphoid structures (TLSs) 
(A) and LN metastasis (+ / −) 
(B). Characterization of cyto-
toxic lymphocytes stained by 
granzyme B in LNs (C–E). The 
number of cytotoxic lympho-
cytes in LNs at the center and 
periphery (F). Characteriza-
tion of cytotoxic lymphocytes 
stained by granzyme B in TLS 
(G) and tumor-infiltrating lym-
phocytes (TILs) (H). The mean 
number of cytotoxic lympho-
cytes in TLSs (I) and TILs (J) 
depending on mature/immature 
TLS. *P < 0.05. **P, C, M in 
Fig. 3C-E mean periphery of 
LN, center of LN and metasta-
sized lesion, respectively
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TLS group. On the other hand, the amount of DC-Lamp+ 
cells in the LNs was not significantly associated with the 
infiltration of cytotoxic lymphocytes and chemokines. 
Moreover, the patients without LN metastasis had signifi-
cantly more cytotoxic lymphocytes in their draining LNs in 
comparison to patients with LN metastasis. These results 
suggested that mature TLSs contributed to the increase in 
cytotoxic lymphocytes in the tumor microenvironment and 
therefore might prevent LN metastasis.

TLSs have been reported to be a good prognostic fac-
tor in several malignant tumors, including lung cancer [5, 
11–14], and to be associated with a response to immunother-
apy [15–18]. Among colorectal and breast cancer patients, 
it has been reported that mature TLSs are associated with a 
lower frequency of LN metastasis [22, 23], which is in line 
with our results. A review about TLSs mentioned a hypoth-
esis that cytotoxic T lymphocytes circulated between TLSs, 
draining LNs, and tumors, and that this circulation is an 
important factor for the control of tumor metastasis [4]. In a 
study of tumor-bearing mice, which supported the hypoth-
esis about cytotoxic T lymphocyte circulation, draining LNs 
were infiltrated by more tumor-specific granzyme  B+ T cells 
than nondraining LNs were, and the T cells infiltrated the 
tumor through the bloodstream [24]. It has been reported 
that lymphatic vessels are abundant in TLSs [25], which 
was also found in the current study (data not shown). Gen-
erally, afferent lymphatic vessels exist at the periphery of 
LNs. In the present study, cytotoxic lymphocytes (granzyme 
 B+ cells), including cytotoxic T lymphocytes, NK cells and 
gamma delta T cells, were more conspicuous at the periph-
ery than at the center of the draining LNs. It has been sug-
gested that the cytotoxic lymphocytes from mature TLSs in 
the tumor might infiltrate into the periphery of draining LNs 
through afferent lymphatic vessels, and these cytotoxic lym-
phocytes may contribute to the prevention of LN metastasis.

In terms of chemokines, since CCL19 is a secreted fac-
tor, immunohistochemical staining might be insufficient to 
evaluate this molecule. However, the mature TLS group 
showed the significant upregulation of CCL19 in draining 
LNs, although the number of DC-Lamp+ cells in LNs was 
not related to the chemokines in TLSs and draining LNs in 
this study. CCL19 attracts immune cells, such as T cells, 
NK cells and DCs [26]. CCL19 has been suggested to be 
secreted by DCs [27]. It has also been reported that CCL19 
is upregulated by cytokines, such as tumor necrosis factor 
(TNF)-α and lymphotoxin (LT)-α[28]. These cytokines are 
induced by activated lymphocytes and macrophages. The 
upregulation of CCL19 in mature TLSs may affect the 
migration of cytotoxic lymphocytes in draining LNs.

Mature TLSs, which we defined by the number of DC-
Lamp+ cells in the TLSs (≥ 1.5 cells/0.04  mm2), were inde-
pendently associated with a good prognosis (Table 2). How-
ever, TLSs themselves, which were found in 188 patients 

(86.2%; Supplementary Table 1), were not associated with 
the prognosis (Supplementary Fig. 1A, B). We also divided 
patients into two groups based on the median number of 
TLSs/LPFs and compared the prognosis of the two groups 
but found no marked difference (Supplementary Fig. 1C, 
D). However, the TLS-density-high group had significantly 
more DCs in TLSs than the TLS-density-low group (Sup-
plementary Fig. 1E). There was a significant prognostic 
difference between the mature and immature TLS groups 
but not between the TLS-density-high and TLS-density-low 
groups. Therefore, the maturity of TLSs might have more 
prognostic impact than their density. In some previous stud-
ies, the maturation of TLSs—as defined by the type of B 
cells present—was associated with a better prognosis and 
efficacy of immunotherapy in comparison to the presence 
of TLSs [14, 16, 17, 29]. Thus, TLS maturation is more 
important than the mere presence of TLSs for the evaluation 
of antitumor immunity.

Concerning the tumor microenvironment, more  CD8+ 
cells were found in the mature TLS group than in the imma-
ture TLS group in our study (Table 1), and this relationship 
between TLSs and  CD8+ cells has also been reported previ-
ously [30]. A larger number of  CD8+ cells has been reported 
to be associated with a good prognosis [31]; thus, mature 
TLS seems to contribute to antitumor immunity by increas-
ing the number of  CD8+ cells in the tumor. Additionally, we 
found that the PD-L1 expression rates in the mature TLS 
group were higher than in the immature TLS group (30.6% 
vs. 23.3%), even though the difference was not statistically 
significant. Several studies have revealed that TLS positivity 
is associated with high PD-L1 expression rates [4, 32, 33]. 
The PD-L1 expression is upregulated by interferon-γ, which 
is produced by  CD8+ cells [34, 35]. Therefore, high PD-L1 
positivity of mature TLSs may be induced by large numbers 
of  CD8+ cells.

The present study was associated with some limitations. 
First, the design was retrospective, and the study cohort did 
not have many events. Second, only resectable lung ade-
nocarcinoma cases were analyzed in this study. Therefore, 
whether or not the same results apply to all stages of lung 
adenocarcinoma is unclear. Third, we did not evaluate B cell 
subsets or other types of immune cells, such as macrophages 
and myeloid cells. The association between the presence of 
TLSs and the B cell subsets has been reported in previous 
studies. In particular, germ cell markers, a B cell subset, are 
considered to be associated with the maturation of TLSs 
[14, 32]. Further analyses including these cell markers are 
needed to assess the classification of TLS maturity in more 
detail. Fourth, inflammatory cell markers (CD3, CD4, CD8, 
Foxp3, Granzyme B, NKp46, CCR7, CCL19, CCL21) were 
quantified only in a limited number of tumor fields. The 
results should be carefully interpreted because the analysis 
may not reflect the whole tumor. Finally, our findings have 
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not yet been confirmed in vivo, although a mouse model of 
the induction of TLSs has been reported [36, 37]. Hence, 
in the near future, we plan to investigate the dynamics of 
cytotoxic lymphocytes and the relationship between TLS 
maturation and the B cell subsets, macrophages or myeloid 
cells in vivo.

Conclusions

In the current study, we demonstrated that mature TLSs were 
associated with increased cytotoxic lymphocytes in draining 
LNs, a reduced frequency of LN metastasis, and favorable 
outcomes in patients with lung adenocarcinoma. Mature 
TLSs may contribute to antitumor immunity as a “relay sta-
tion” facilitating cytotoxic lymphocytes between tumor and 
draining LNs.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00262- 022- 03353-8.
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