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Background: Tertiary Lymphoid Structures (TLSs) are abnormal clusters of immune cells that form in tissues not normally associated with the immune system, usually in cases of long-lasting inflammation, like cancer. TLSs have been suggested as a potential prognostic indicator in various cancer types.

Methods: We retrospectively enrolled 223 gastric cancer (GC) patients who had surgical resections in this study. We utilized hematoxylin and eosin (HE) staining to detect the presence, abundance, and maturity of TLSs. In serial sections, we used immunohistochemistry to examine the cellular composition of TLSs.

Results: The pathological review identified TLSs in 95.1% of the tumors, lymphoid aggregates in 79.8%, primary follicles in 45.7%, and lymphoid aggregates in 95.1% of the cases. Based on Kaplan-Meier curves, the maturation and abundance of TLSs contributed to longer disease-free survival (DFS) and overall survival (OS). In addition, the density of TLSs was strongly associated with the occurrence of tumor metastases and the response to adjuvant chemotherapy.

Conclusions: We validated the prognostic value of TLSs in GC patients in both independent cohorts, and the maturity and density of TLS correlated with tumor metastasis. In addition, TLS may reflect sustained antitumor potency, which has important implications for adjuvant chemotherapy.
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Introduction

Gastric cancer (GC) is a common cancer worldwide, and despite improvements in treatment approaches, its prognosis remains unfavorable (1). The diversity observed in gastric cancer, both on a molecular and clinical level, presents significant obstacles in accurately predicting patient outcomes and identifying potential targets for therapy (2, 3). Despite its complex functions in various disease conditions, the immune microenvironment is widely acknowledged as a crucial controller in all types of cancer (4). Postnatal, organized clusters of immune cells known as Tertiary Lymphoid Structures (TLSs) develop in non-lymphoid tissues (5). TLS is made up of a T cell zone with mature dendritic cells (DCs), a germinal center with proliferating B cells, follicular dendritic cells, and high endothelial venules (6). Chronic inflammatory conditions, such as autoimmune diseases, chronic infections, and cancer, are where TLS was found, not physiological conditions (7, 8). In most cases, the occurrence of TLSs in tumors was associated with a positive prognosis and effective clinical outcomes of immunotherapy. In the tumor environment, TLS promoted immune cell infiltration into solid tumors, and thus the development of TLS was significantly associated with survival in untreated patients (9). Similarly, in patients treated with immune checkpoint inhibitors, the development of TLS was usually associated with an improved response to therapy (10). This suggested the conjecture that TLS was generating anti-tumor immune loci. Consequently, its use as a means of enhancing patients’ anti-tumor immunity and favoring therapeutic response has attracted widespread interest (5). Nevertheless, despite the apparent significance of TLSs, the factors behind their development in cancer and the role of these formations in the immune response within the tumor were still not well comprehended (7, 11).

In our findings, we retrospectively collected clinicopathologic information, prognostic information, and therapeutic strategies from a group of GC patients. Additionally, we conducted an investigation using immunohistochemistry (IHC) to assess the presence and characteristics of TLS in GC tissues. Specialized pathologists systematically assessed the distribution of the number and type of TLSs in each patient’s sample and performed a composite score. We hypothesized that the spatial organization of TLS may serve as a predictive marker of prognosis and was essential to improve patient responsiveness to adjuvant chemotherapy.



Materials and methods


Samples collection

We retrospectively collected 223 paraffin-embedded gastric cancer (GC) tissue sections at the Department of Pathology, Lishui People’s Hospital between 2016 and 2018. Clinicopathological characteristics, disease-free survival, and overall survival were also collected retrospectively. We collected clinicopathologic characteristics including age, sex, degree of differentiation, pathologic T status, pathologic N status, pathologic M status, vascular invasion, lymphatic invasion, surgical approach, distant metastatic site, adjuvant chemotherapy status, and P53 positivity. The study also included H&E stained data and clinical information of 408 GC patients from the Cancer Genome Atlas (TCGA) dataset1 (12). This research protocol was approved by the Human Research Ethics Committee of Lishui People’s Hospital (Zhejiang, China).



H&E staining

The paraffin-embedded GC tissue specimens were sliced into 4 μm consecutive sections (13). These sections underwent dewaxing and rehydration using xylene and ethanol, respectively. Subsequently, the specimens were stained using hematoxylin for 30 s and then exposed to 1% acid ethanol for 3 s. The sections were washed in purified water and treated with eosin for a duration of 3 min. Following that, dehydration and hyalinization procedures were conducted. Ultimately, the segments were examined using a light microscope (BX50-32H01, Olympus).



Immunohistochemistry (IHC)

The gastric cancer tissue sections that were fixed with formalin and embedded in paraffin were deparaffinized using xylene and hydrated through a series of ethanol (14). Subsequently, the sections were subjected to a 20-min boiling process in an EDTA buffer and allowed to cool to facilitate epitope retrieval. To neutralize endogenous peroxidase, a 3% hydrogen peroxide solution was applied for 15 min. After that, the sections were exposed to primary antibodies at a temperature of 37°C for 1 h. Afterward, the sections were washed and subsequently exposed to suitable biotinylated secondary antibodies at a temperature of 37°C for a duration of 25 min. Finally, the sections were exposed to a diaminobenzidine solution for 2 min and counterstained with hematoxylin. We performed IHC to detect CD45 (MAB-0024, Maxim Biotechnologies, Fuzhou, China), CD19 (MAB-0705, Maxim Biotechnologies, Fuzhou, China), CD4 (ZA-0519, ZSGB Biotechnologies, Beijing, China), CD8 (MAB-0021, Maxim Biotechnologies, Fuzhou, China), CD11c (60258-1-lg, Proteintech), CD68 (ZA-0060, ZSGB Biotechnologies, Beijing, China), and P53 (ZM-0408, ZSGB Biotechnologies, Beijing, China) expression in patient samples.



Assessment of tertiary lymphoid structures (TLSs) and immunohistochemistry (IHC)

The TLSs underwent morphological assessment on H&E stained slides, which were converted into whole slide images using the Pathological Digital Section Scanning and Application System (Motic, Xiamen, China), as explained earlier (15, 16). Two pathologists, who were unaware of the patient’s clinical information, independently assessed the existence, amount, and variations of TLSs on H&E stained slides. TLS abundance was determined by the patient’s highest number of TLSs observed. Based on the maturation process, TLSs were classified into three categories: (1) Aggregates (Agg), which are small, almost circular groups of lymphocytes; (2) lymphoid follicles I (FL-I), which are large clusters without the formation of germinal centers; and (3) lymphoid follicles II (FL-II), which are lymphoid follicles that have formed germinal centers. In this study, we scored by combining the number or maturity of TLS, with the specific formula being: TLS score = 1*n(Agg) + 2*n(FL-I) + 3*n(FL-II), where n represents the quantity (17, 18).



Statistical analyses

The ‘survival’ R package was employed to produce the Kaplan–Meier survival graphs and evaluate the OS and DFS. Using the R package “survmine,” patients were subgrouped into low and high TLS scores. To evaluate statistical differences among groups, a two-tailed t-test was utilized for normally distributed variables, whereas a one-way ANOVA test was used. To evaluate statistical differences among groups for variables that are not normally distributed, a Wilcoxon test was employed, while the Kruskal-Wallis rank sum test was utilized to determine statistical differences between groups. The statistical analyses were performed in the SPSS (v.22.0), and most of the plots were created with the R software (v.3.6.0).




Results


Tertiary lymphoid structures and clinicopathological characteristics of patients

In this retrospective study, paraffin-embedded specimens were collected from 223 surgically treated GC patients. The mean age was 66 years (Range: 21–89 years), and 50 patients (22.4%) were female. According to the histological examination of resected tumors, the differentiation degree of patients was well (75.9%), middle (19.0%), and poor (5.1%). P53 expression was positive in 140 patients (65.4%). The clinical characteristics are listed in Table 1. A total of 212 patients (95.1%) had TLS, and 101 (45.2%) had mature TLS.



TABLE 1 Clinicopathological characteristics of the patients according to the low and high TLS scores.
[image: Table1]

Postnatally, TLSs form in non-lymphoid tissues as organized collections of immune cells, typically seen during chronic inflammation like autoimmune disorders, chronic infection, and cancer (5, 16). When we observed the histopathological characteristics of the tumors in GC samples, we found that TLS was present in a widespread manner (Figure 1). According to the maturity of the TLSs, they were classified as AGG (Figure 1B), FL-I (Figure 1C), FL-II (Figure 1D). To evaluate the presence and maturity of TLS, the general composition of TLSs in GC patients was investigated using conventional immunohistochemistry in serial sections stained for CD8+ T cells (Figure 1E), CD19+ B cells (Figure 1F), CD45+ lymphocytes (Figure 1G), CD11c+ dendritic cells (Figure 1H), CD4+ T cells (Figure 1I), as well as CD68+ macrophages (Figure 1J). Based on previous studies, we scored the combined distribution of TLSs for each sample (6). Patients were assigned to subgroups with low 46.6% (104 of 223) and high 53.4% (119 of 223) TLS scores based on the “survminer” R package. We assessed the relationship between TLS scores and some clinicopathological characteristics such as gender, age, and tumor stage using a chi-square test. As shown in Table 1, TLS scores were significantly associated with age (p = 0.012) and chemotherapy response (p = 0.008).

[image: Figure 1]

FIGURE 1
 The classification of Tertiary Lymphoid Structures in gastric cancer. (A) Representative H&E image of tumor tissue. (B) Representative H&E image of TLS Aggregates patients. (C) Representative H&E image of TLS Follicles I patients. (D) Representative H&E image of TLS Follicles II patients. (E–J) Representative IHC image of the cellular composition of TLS. (E) CD8+ T cells. (F) CD19+ B cells. (G) CD45+ lymphocytes. (H) CD11c+ DCs (I) CD4+ T cells. (J) CD68+ TAMs.




The prognostic values of tertiary lymphoid structures

We evaluated the prognostic value of TLSs in GC patients by constructing Kaplan–Meier curves. The groups with higher TLS scores demonstrated relatively better overall survival and disease-free survival rates among GC patients (Figures 2A,B). Survival analysis revealed that patients with mature TLSs have significantly better survival rates than patients without mature TLSs (Figure 2C). We also validated the prognostic significance of TLS scores and the presence of mature TLS in the TCGA database (Figures 2D,E). We divided the patients into high and low score groups based on the median and then repeated the survival analysis. The results indicated that the high-score group continued to show better prognostic significance (Supplementary Figure S1). Additionally, both univariate and multivariate analyses indicated that TLS score may serve as an independent prognostic factor in GC patients (Table 2). Ki67 was a very valuable indicator of how active tumor cells are, and we found a negative correlation between Ki67 positivity and TLS score (Figure 2F). The results suggested that either high TLS scores or the presence of mature TLSs predicted a better survival rate.

[image: Figure 2]

FIGURE 2
 The prognostic values of Tertiary Lymphoid Structures. (A,B) Kaplan–Meier curves for overall survival (A) and recurrence-free survival (B) based on the TLS score in the in-house data. (C) The Kaplan–Meier curve of overall survival depended on mature/immature tertiary lymphoid structure in the in-house data. (D) The Kaplan–Meier curve for overall survival was based on the TLS score in the TCGA data. (E) The Kaplan–Meier curve of overall survival depended on mature/immature tertiary lymphoid structure in the TCGA data. (F) The correlation analysis of TLS score and Ki-67 expression.




TABLE 2 Univariate and multivariate analysis of prognostic factors for overall survival.
[image: Table2]



The effects of tertiary lymphoid structures on distant metastasis

In our study cohort, distant metastases were found to occur in 31.8% (71 of 223) of the patients, with a predominance of liver (26.8%) and peritoneal metastasis (19.7%) (Figure 3A). We further analyzed the variation in the distribution and number of TLSs in samples with and without distant metastasis. The results showed a marked difference in the distribution of FL-I (p = 0.01), FL-II (p = 0.03), and TLS score (p = 0.03) in samples with and without distant metastasis, and no statistically significant difference in the distribution of AGG (Figures 3B–E). Compared to samples without distant metastasis, the density of various Tertiary Lymphoid Structures was significantly lower in samples with peritoneal or liver metastasis (Figures 3F–H).

[image: Figure 3]

FIGURE 3
 The distribution of Tertiary Lymphoid Structures on distant metastasis. (A) The distribution of locations of distant metastases in GC patients. (B–E) The distribution of TLS score (B), AGG (C), FL-I (D), and FL-II (E) in samples with and without distant metastasis. (F) The distribution of various TLSs in samples with liver metastasis compared to samples without liver metastasis. (G) The distribution of various TLSs in samples with peritoneal metastasis compared to samples without peritoneal metastasis. (H) The distribution of various TLSs in samples among liver, peritoneum, and without metastasis.




The prediction role of TLSs in chemotherapy response

In our cohort, 68.1% (151 of 223) of these patients underwent adjuvant chemotherapy. The patient’s medication profile was shown in Figure 4A, which was mainly based on the Oxaliplatin and Teysuno therapy or Teysuno monotherapy. Patients responded differently to treatment with different drugs, with 65.1% (58 of 89) responding well to the Oxaliplatin and Teysuno therapy, and 67.5% (27 of 40) responding well to Teysuno monotherapy (Figure 4B). In samples of patients who responded and did not respond to chemotherapy, we analyzed variations in the distribution and number of TLS. The results showed a significant difference in the distribution of FL-I (p = 0.001), FL-II (p = 0.0001), and TLS scores (p = 0.0004) between the samples of patients who responded to chemotherapy and those who did not, and no statistically significant difference in the distribution of AGGs (Figures 4C–F). We further counted the distribution of TLSs in the samples of patients who responded to chemotherapy and those who did not. The density of TLSs was much higher in samples from patients who responded to the Oxaliplatin and Teysuno therapy than in those who did not. Similarly, the density of TLSs was much greater in samples from patients who responded to Teysuno monotherapy than in those who did not (Figures 4G,H).

[image: Figure 4]

FIGURE 4
 The prediction role of TLSs in chemotherapy response. (A) The patient’s medication profile in GC patients. (B) The proportion of people responding well to chemotherapy treatment with different drugs. (C–F) The distribution of TLS score (C), AGG (D), FL-I (E), and FL-II (F) in patients who responded and did not respond to chemotherapy. (G) The distribution of various TLSs in patients who responded and did not respond to Teysuno monotherapy. (H) The distribution of various TLSs in patients who responded and did not respond to Oxaliplatin and Teysuno therapy.





Discussion

The understanding of the molecular pathogenesis of tumor has greatly improved due to tremendous sequencing studies (19–22). Nevertheless, given the diversity and adaptability of tumors, it is imperative to categorize individuals with cancer and implement a tailored medication strategy (3). It is crucial to design logically sequential treatment strategies based on each patient’s natural history, tumor histopathology, and molecular tumor characteristics, as well as their chemotherapy response (23).

In studies within lung, colorectal, and pancreatic cancers, it had been shown that the presence of Tertiary Lymphoid Structures (TLSs) density and its components (T follicular helper cells, follicular B-cells, DCs, and high endothelial venules, among others) correlated with better survival in a wide variety of tumor types (10, 24, 25). Moreover, several signature sets associated with TLS had shown positive prognostic predictive value, including plasma cell signatures in ovarian cancer; T follicular helper cell signatures in squamous cell carcinoma of the head and neck; and a variety of gene signatures (including CCL5, CXCL9, CXCL10, and CXCL13) associated with lymph chemokines in colorectal, melanoma, and breast cancer (5, 26, 27). In this study, we retrospectively collected clinicopathological information on GC samples and performed a specialized pathological evaluation to comprehensively assess the distribution of TLSs in each sample. We observed that TLSs were widely present in GC tissues, and patients in the high TLS group experienced improved overall survival and disease-free survival in comparison to those in the low TLS group. TLS was relevant to a long-term prognosis in several cancer types and the prognostic value of TLS was usually independent of TNM staging (9, 10, 28). We analyzed the relationship between TLS and other clinicopathological features, which similarly validated this statement.

Adjuvant chemotherapy has been reported to cause impaired TLS maturation (5). In addition, similar results had been seen after steroid therapy in lung cancer and hepatoblastoma (29, 30). It was not entirely clear whether the negative effects on TLS tissue depended on the type of chemotherapy used. In our analysis, the distributional status of TLS was strongly correlated with the response to adjuvant chemotherapy, and patients with increased numbers and maturation of TLS tended to be more sensitive to chemotherapy. Although adjuvant chemotherapy negatively affects TLS maturation, it enhances patients’ anti-tumor immunity and facilitates treatment response. Previous studies have found that TLS improved immunotherapy outcomes and survival in melanoma and sarcomas (31, 32). Further understanding of the heterogeneity of TLS cellular composition, structural organization, and anatomical location will provide new options for regulating precision tumor therapy (33, 34). In the T-cell zone of TLS, mature dendritic cells, B cells, and effector T cells interact to activate their anti-tumor responses. Within the B-cell zone of the TLS, follicular dendritic cells (FDCs) and B cells interact and subsequently activate and differentiate into plasma cells that produce antibodies (33). TLS formation can be selectively induced by tumor-targeted delivery of chemokines and cytokines involved in TLS formation and B-cell maturation. LTα, LIGHT, and CXCL13 are candidate molecules (33).

There are several limitations in this article. This is a retrospective study based on a clinical sample. We need further prospective validation using cohorts with varied clinicopathologic characteristics and treatments. The study’s sample size may be relatively small, which could limit the reliability of the results. Larger-scale and multi-center studies would be better for validating and generalizing these findings. Direct evidence of the unique nature of the immune responses that develop or are enhanced in TLS is lacking. TLS has been shown to have unquestionable prognostic predictive value in a wide range of cancer types. We lack consistent markers to define and characterize TLS, and this will be a future direction that the field will need to focus on to maximize the value of TLS as a potential biomarker.



Conclusion

We provided a more comprehensive definition of the “TLS state” spectrum based on histopathologic aspects such as cell composition, number, and maturity. Characterizing the molecular level of TLS status will help to increase the value of TLS as a prognostic predictive marker and will help to fully exploit the potential value of TLS on tumor response to therapy.
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